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1 INTRODUCTION 

Dynamac Corporation (Dynamac) Superfund Technical Assessment and Response Team 

(START-3) was tasked by the U.S. Environmental Protection Agency (EPA), Region 6, under 

Technical Direction Document (TDD) # TO-0009-07-08-01 (Appendix A), to conduct a 

Preliminary Assessment (PA) for the Leo Miller Road Site (CERCLIS No. TXN000606818), 

located near the town of Taft, Aransas and San Patricio Counties, Texas (TX).  The Leo Miller 

Road Site will also include the four Sherwin Alumina Company (SAC) red mud lagoons 

(RML’s) located east of Leo Miller Road Site.  Leo Miller Road Site and the four (4) RML’s are 

divided by the Aransas/San Patricio County Lines.  See Figures 1 and 2 for the location of Leo 

Miller Road Site (Ref. 4). 

The PA is the result of a public petition submitted to the EPA Region 6 from the concerned 

citizen’s group, South Texans Opposing Pollution (S.T.O.P.), in which they requested EPA to 

take action against the SAC facility located in Gregory, San Patricio County, Texas (Ref. 6, pp. 

1-4).  The public petition specifically requests that EPA Region 6 complete a PA of the 

suspected release and/or threatened release of a hazardous substance, pollutant or contaminant at 

the SAC, refinery and bauxite residue drying beds located in Aransas County, San Patricio 

County, and Gregory, Texas.  The local community suspects that their health is being 

compromised by SAC’s bauxite residue, which is believed to cause several different health 

affects, ranging from respiratory illnesses, burning in eyes, skin, nose, and throat, exacerbation 

of allergies, sinusitis, digestive problems, headaches, nose bleeds, lethargy and fatigue, persistent 

cough, hypertension, Alzheimer’s and beryllium disease (Ref. 6, p. 1) . 

The purpose of the PA is to assess the suspected threats to human health and the environment 

associated with the wastes found within the RML’s operated by SAC.  The RML’s are located 

east and northeast of Leo Miller Road Site and approximately 9 to 10 miles northeast of the SAC 

plant (Ref. 5, p. 2).  Secondly, the PA will provide the documentation necessary to support a 

decision by the EPA Region 6 Site Assessment Manager (SAM) regarding the need for further 

action under the Comprehensive Environmental Response, Compensation, and Liability Act 

(CERCLA)/Superfund Amendments and Reauthorization Act (SARA).  The PA will be prepared 

according to Guidance for Performing Preliminary Assessments Under CERCLA, 40 CFR Part 
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300, Hazard Ranking System Final Rule, and the Hazard Ranking System Guidance Manual 

(Ref’s. 1, 2, and 3). 

The scope of the PA included a reconnaissance inspection of Leo Miller Road Site and vicinity , 

a wind-shield survey of the SAC facility and off-site RML’s, a file review conducted at the 

Texas Commission on Environmental Quality (TCEQ), Region 14 office located in Corpus 

Christi, TX, and a comprehensive target receptor search in order to identify target receptors 

located within the specific migration and exposure pathways associated with the Hazard Ranking 

System (HRS) (Appendix A; Ref. 7, pp. 2-5). 

2 SITE DESCRIPTION 

The PA will evaluate the four red mud lagoons (RML’s) associated with the SAC and located 

east and northeast of Leo Miller Road Site.  Because the EPA/START reconnaissance team did 

not go on SAC property, the geographical coordinates obtained were for Leo Miller Road Site 

and include:  28.00831666º N and 97.21676666 º W (San Patricio County); 28.01511666º N and 

97.2124º W (Aransas County); and 28.01838333º N and 97.21031666º W (Aransas County).  

The geographical coordinates were collected during the EPA/START reconnaissance inspection 

with a hand-held geographical positioning system (GPS) unit (Ref. 7, pp. 2-4).  Leo Miller Road 

Site is approximately 1 mile in length and runs in a southwest to northeast direction.  Leo Miller 

Road Site traverses through two counties: San Patricio and Aransas (Figures 1 and 2; Ref. 4).  

The area is sparsely populated, as approximately 20 residential homes were observed by the 

EPA/START reconnaissance team on October 9, 2007 (Ref. 7, p. 4).  Leo Miller Road Site is 

bounded by rural land to the north, by State Highway (HWY)-188 to the northeast and 

northwest; the SAC RML’s to the east and south; and rural agricultural land to the west.   The 

RML’s 1 and 2 are bordered to the north by State HWY-188, to the east by Port Bay, to the south 

by rural land, and to the west by Leo Miller Road Site and rural land; RML’s 3 and 4 are 

bordered to the north by Copano Bay, to the east by Port Bay, to the south by RML’s 1 and 2, 

and to west by Leo Miller Road Site and rural land (Figures 1, 2, and 4; Ref. 4). 
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3 OPERATIONAL HISTORY 

There is no operational history associated with Leo Miller Road Site; however, the operational 

history of the Sherwin Alumina Company (SAC) and RML’s will be described in this section.  

The property on which the SAC currently resides was once a part of the 160,000 acre Coleman-

Fulton Pasture Company, locally known as the “Taft” Ranch.  The Reynolds Metals Company 

purchased 1,600 acres of the property in 1951 and began the construction of the Sherwin 

Alumina Plant and its companion, the San Patricio Reduction Plant.  Both facilities began 

operations in 1953.  The San Patricio Plant closed in the early 1980’s due to rising energy prices 

and competitive foreign metals production.  The SAC plant is one of only three alumina plants 

currently operating in the U.S. (Ref. 10, p. 1).  The facility is currently owned and operated by 

Glencoe, a Swiss company.  Glencoe purchased the facility from BPU, Inc. and China 

MinMetals in May 2007.  BPU, Inc. and China MinMetals had in turned purchased the facility 

from Reynolds Metals in either 2001 or 2005 (Ref. 7, p. 2). 

SAC, formerly Reynolds Metals Company-Sherwin Plant, is located on State Highway 361, near 

Gregory, Texas.  The Sherwin plant has produced alumina at this location in excess of 50 years, 

beginning in 1953 (Ref. 5, p. 1).  The primary function of the Sherwin plant is to exact aluminum 

oxide (alumina) from bauxite ore using the “Bayer Process”.   The Sherwin process is a 

circulating loop of Bayer liquid with side processes such as mud clarification operating parallel 

to the principal liquor stream.  The “Bayer Process” is an endless loop in which a steady flow of 

“Bayer Liquid” is pumped.  The liquor varies in chemical consistency throughout the process 

and is both the extraction and transport media for the process chemicals.  The constant active 

ingredient of this “liquor” is sodium hydroxide, or caustic soda, in which the aluminum hydrate 

is first dissolved from a bauxite slurry at high temperature, and then clarified, allowed to cool, 

and then allowed to precipitate into crystals.  The resulting crystals are then washed, filtered, and 

finished into one of the intermediate or final products.  At any time within the “Bayer Process” 

loop, the circuit may contain up to 150 million gallons of water and Bayer liquor.  This solution 

may contain up to 50,000 metric tons of caustic soda, 50,000 metric tons of aluminum hydrate, 

together with waste products, impurities, and make-up water.  Each day, depending on the 

established production level, up to 10,000 metric tons of bauxite are added to the circulating 
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liquor stream in order to produce as much as 4,400 metric tons of finished products and 3,600 

metric tons (dry weight) of red mud tailings or residue each day (Ref. 8, pp. 2 and 4).  The 

Sherwin plant is capable of producing 1.4 million tons of smelter grade alumina and 300,000 

tons of chemical grade alumina hydrate per year. 

Bauxite is a naturally occurring earth material, which is surface-mined and is the principal source 

of aluminum hydrate worldwide.  Aluminum hydrate is a feedstock used in the chemical industry 

to produce a wide range of products, such as Maalox, sandpaper, and water treatment agents.  

The aluminum hydrate can be further refined to produce aluminum oxide (alumina), which is 

used as the raw material in Aluminum Reduction plants to produce aluminum metal (Ref. 9, pp. 

1-2).  At one point, the SAC plant obtained their source of bauxite from Australia, Jamaica, 

Brazil, and Guinea (Ref. 5, p. 4; Ref. 11, p.2).  Approximately 1 to 2 tons of red mud is produced 

per one ton of alumina, depending upon the grade of bauxite.  The red mud lagoons, which store 

the red mud residue, are located approximately 9 – 10 miles northeast of the SAC plant, on State 

HWY-188 (Ref. 5, p 1). 

It does not appear that SAC has air permits associated with the red mud lagoon.  SAC does 

maintain TCEQ general air permit, No. 4971, which deals with the bag house dust system for 

bauxite and alumina transport systems at the SAC facility.  Air Permit No. 4971 does not include 

stipulations concerning the red mud lagoons or air quality monitoring at the red mud lagoons 

(Ref. 61).  TCEQ Air Permit No. 4971 was amended and approved by the TCEQ in October 

2007.  In addition to the general air permit, SAC has submitted two air amendment applications 

for Maintenance, Startup, and Shutdown (MSS) activities at the SAC facility in Gregory, TX.  

These two air permit amendments are currently undergoing administrative review at TCEQ, 

Austin.  Neither MSS air permit amendments have any stipulations related to the red mud lagoon 

areas (Ref. 62). 

4 WASTE CHARACTERISTICS AND SOURCE EVALUATION 

Waste Characteristics 

The waste being generated by SAC plant consists of red mud residue, commonly referred to as 

“red mud”, because it resembles red mud.  The red mud residue is classified as a Class II non-

hazardous industrial waste.  The red mud residue contain approximately 50% sodium aluminum 
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silicate (zeolite), 35-40% iron oxide, 6 – 9% titanium dioxide, and a number of trace elements  

associated with the production of aluminum hydrate.  The zeolite, physically, is similar to an 

expansive clay soil (Ref. 9, p.1).  When the red mud residue is produced, it is alkaline, 

containing approximately 6 to 8 grams per liter (g/L) of residual sodium carbonate.  The sodium 

carbonate will eventually weather to sodium bicarbonate (baking soda).  The sodium carbonate 

fraction is water soluble and can raise the pH of water as high as 10.5.  When the red mud 

residue dries, it becomes dusty if not managed properly (Ref. 9, p. 2).  Disposal of red mud and 

other solid residues commonly takes place by spreading layers over a large surface area in order 

to allow the material to dry.  This is in turn followed by rehabilitation of the land (Ref. 5, p. 10).  

As the red mud residue dries and is released into the atmosphere during windy environmental 

conditions, nuisance conditions may become prevalent.   Nuisance conditions are regulated under 

the Texas Clean Air Act (TCAA) and applicable state and federal rules/regulations and the 

generating facility must comply with 30 TAC (Texas Administrative Code) § 101.4.  Title 30 of 

TAC, Chapter 101.4 prohibits nuisance conditions and specifically states that “No person shall 

discharge from any source whatsoever one or more air contaminants or combinations thereof, in 

such concentration and of such duration as are or may tend to be injurious to or adversely affect 

human health or welfare, animal life, vegetation, or property, or as to interfere with the normal 

use and enjoyment of animal life, vegetation, or property” (Ref. 64, p.1). The TCEQ has 

investigated the windblown particulate complaints in relation to the Nuisance Laws and have 

found no evidence to substantiate the alleged complaints (Ref. 12 and Ref. 13).  However, one 

land owner has video graphic documentation of the red dust being blown from the red mud 

lagoons toward their residence (Ref. 56).   

No documentation has been obtained to indicate that the red mud residue from the SAC RML’s 

has been analyzed for hazardous constituents, such as heavy metals.  Red mud residue may 

contain trace amounts of metals such as arsenic, barium, boron, cadmium, chromium, cobalt, 

gallium, vanadium, scandium, and lead, as well as radionuclides (Ref. 11, pp. 3 and 5).  TCEQ 

collected tape samples of the red mud dust from a residence along Leo Miller Road Site; 

however, the samples were only analyzed for bauxite using polarized light microscopy (PLM).  

The TCEQ PLM analysis of the red dust samples contained between 30 to 70% bauxite (Ref. 5, 
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p. 3; Ref. 7, p. 2; Ref. 12, pp. 12-14; and Ref. 13, pp. 13-16).  According to the aluminum 

producing facilities, the red mud residue is exempt from Resource Conservation and Recovery 

Act (RCRA) hazardous waste regulations due to the Bevill Amendment.  The Bevill amendment 

excludes “solid waste from the extraction, beneficiation, and processing of ores and minerals” 

from regulation as a hazardous waste under Subtitle C of RCRA (Ref. 14, p. 2).   

SAC claims that the red mud dust does not pose a serious health hazard, is not toxic, reactive, or 

flammable, but can be an irritant and cause discoloration (Ref. 9, p.2).  Citizens living along Leo 

Miller Road Site have claimed that the red mud residue generated during dry conditions has 

caused skin irritations and respiratory illnesses (such as COPD, bronchitis, lung cancer, 

bronchial spasms, asthma, siderosis, pneomosicosis), burning in the eyes, skin, nose, and throat, 

exacerbation of allergies, sinusitis, digestive problems, headaches, nose bleeds, lethargy and 

fatigue, a persistent cough, hypertension, Alzheimer’s and beryllium diseases (Ref. 6, p. 1). 

Source Evaluation 
The red mud residue is transported by either pipeline or trucks, to four (4) Red Mud Lagoons 

(RML’s) located approximately 9 to 10 miles northeast of the SAC plant (Ref. 5, p. 1).  SAC 

uses a subcontracting truck company to transport the red mud residue from the SAC facility.  

The red mud residue is reportedly transported to the RML’s on a frequency of 1 truckload per 

hour, for 8 hours a day, seven days a week (Ref. 7, p. 3).  Per EPA SAM’s request, START 

conducted a search for U.S. Department of Transportation (DoT) regulations concerning the 

transport of the red mud to the RML’s, via, truck carriers.  START was not able to locate any 

regulations pertaining to the transport of the red mud to the RML’s.  However, should the red 

mud can be considered a hazardous waste, SAC would have to transport the red mud per the 

following regulations found in 49 CFR § 171.3 (hazardous waste); 49 CFR § 392.9 (inspection 

of cargo and cargo securement devises and systems) and 49 CFR § 397 (transportations of 

hazardous materials and parking) (Ref. 60, pp. 1 – 26).  No transportation regulations were 

identified within the Texas DoT statues related to the red mud.  In order to determine if there are 

applicable U.S. DoT and TexDoT regulations pertaining to the transportation of the red mud, a 

comprehensive regulatory statue search would need to be conducted by EPA.  In addition, TCEQ 

does not have jurisdiction over public roads and has no air quality permitting authority over 
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emissions from roads since 30 TAC § 116.10(6) are expressively excluded from the Texas Clean 

Air Act’s (TCAA) definition of a “facility” (Ref. 63, p.14; Ref. 65, p. 3). 

The RML’s are referred to as RML’s 1 through 4.  RML’s 1 and 2 are separated from RML’s 3 

and 4 by State HWY-188.  In addition, the Aransas/San Patricio County Line traverses though 

RML 1 and RML 2 (Figures 1 and 2; Ref. 4).  The combined size of the four RML’s is 

approximately 148,800,000 square feet (ft2) or 3,416 acres (Figure 2; Ref. 4).  The RML’s will 

be evaluated as surface impoundments for the purposes of the PA (Ref. 3, pp. 42-43). 

RML 1, which is primarily rectangular in shape, is the southern-most located RML and is the 

oldest of the four RML’s (Figure 2; Ref. 4).  RML 1 is approximately 48,100,000 ft2 or 1,104.2 

acres in size and is surrounded by an earthen levee (Figure 2, Ref. 4; Ref. 7). The total depth of 

RML 1 has not been obtained nor has data been obtained to indicate the annual amount of red 

mud residue disposed into RML 1.  There is no file data to indicate that an artificial liner or 

leachate collection system is in place at RML 1.  It appears that a portion of RML 1 has been 

closed and is no longer in use as a disposal area (Ref. 54, p.4).  It is not known if this portion of 

RML was closed according to Resource Conservation and Recovery Act (RCRA) regulations, as 

no TCEQ file information was located or obtained at the TCEQ Region 14 office in Corpus 

Christi, TX.  Because it is not currently known if this portion of RML 1 was closed according to 

RCRA regulations, the entire area of RML was evaluated for potential hazardous waste quantity. 

 A groundwater monitoring system does exist along the perimeter of RML 1 (Ref. 15, p. 6).  In 

addition to the disposal of red mud residue, SAC has applied for a permit with the TCEQ to 

accept municipal wastewater and sewage sludge from the City of Aransas Pass Wastewater 

Treatment Plant and accumulated potable raw water sediments from the San Patricio Municipal 

Water District (Ref. 15, p. 5). 

RML 2, which is rectangular in shape, is located south of State HWY-188 and is adjacent to 

RML 1 (Figure 2; Ref. 4).  RML 2 is approximately 52,800,000 ft2 or 1,212.1 acres in size and is 

surrounded by an earthen levee (Figure 2; Ref. 4; Ref. 7).  The total depth of RML 2 has not 

been obtained nor has data been obtained to indicate the annual amount of red mud residue 

disposed into RML 2.  There is no file data to indicate that an artificial liner or leachate 
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collection system is in place at RML 2.  A groundwater monitoring system does exist along the 

perimeter of RML 2 (Ref. 15, p. 6).  

RML 3, which is polygonal in shape, is located north of State HWY-188 and west of Port Bay.  

It is separated from RML 4 by Copano Retreat Road (Figure 2; Ref. 4).  RML 3 is approximately 

18,390,000 ft2 or 422.2 acres in size and is surrounded by an earthen levee (Figure 2; Ref. 4; Ref. 

7).  RML 3 is the smallest of the four RML’s.  The total depth of RML 3 has not been obtained 

nor has data been obtained to indicate the annual amount of red mud residue disposed into RML 

3.   There is no file data to indicate that an artificial liner or leachate collection system is in place 

at RML 3.  A groundwater monitoring system does exist along the perimeter of RML 3 (Ref. 15, 

p. 6). 

RML 4, which is polygonal in shape, is located north of State HWY-188 and west of Port Bay 

(Figure 2; Ref. 4).  RML 4 is approximately 29,510,000 ft2   or 677.5 acres in size and is 

surrounded by an earthen levee (Figure 2; Ref. 4; Ref. 7).  The total depth of RML 4 has not 

been obtained nor has data been obtained to indicate the annual amount of red mud residue 

disposed into RML 4.  There is no file data to indicate that an artificial liner or leachate 

collection system is in place at RML 4.  A groundwater monitoring system does exist along the 

perimeter of RML 4 (Ref. 15, p. 6). 

5 PATHWAY ASSESSMENTS 

5.1 Groundwater Migration Pathway 

The Groundwater Migration Pathway assesses the potential for suspected contamination in 

the underlying subsurface aquifers and takes into account such factors as depth to aquifer, 

stratigraphy of the underlying subsurface material, and the net precipitation, which 

comprise the Likelihood of Release; the size of the source(s) being evaluated and the 

chemical constituents associated with the sources, which comprise the  Waste 

Characteristics; and the location of the nearest drinking water well, the number of 

individuals utilizing groundwater as their drinking water supply, and resource use, which 

comprise groundwater targets located within a 4-mile radius of the site (Ref. 1; Ref. 2; and 
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Ref. 3).  The primary emphasis of the groundwater migration pathway is the identification 

of drinking water wells. 

5.1.1 Groundwater Characteristics 

Regional Geology 
The SAC Plant and red mud lagoons are situated within the West Gulf Coastal Plain 

(WGCP), part of the Coastal Plain physiographic province of Texas.  The WGCP 

province consists of marine sedimentary rocks that dip gently seawards towards the 

Gulf of Mexico (Ref. 16). 

The climate of the region is subtropical and influenced primarily by the Gulf of 

Mexico.  Winters are mild and summers are hot, with high humidity in the northeast 

and semi-arid to arid conditions in the southwest.  The average annual precipitation 

ranges from 28 inches in the southwest to 58 inches in the northeast and average 

annual gross lake-surface evaporation ranges from 85 inches in the southwest to 45 

inches in the northeast (Ref. 16).  According to the Hazard Ranking System; Final 

Rule, the net precipitation for the site area ranges between 0 to 5 inches (Ref. 2, 

Table 3-4, and Figure 3-2). 

The major groundwater aquifer along the gulf coast is the Gulf Coast aquifer (Ref. 

16).  In Texas, the Gulf Coast aquifer provides water to all or parts of 54 counties 

and extends from the Rio Grande River northeastward to the Louisiana-Texas border 

(Ref. 16).  Municipal and irrigation uses account for 90% of the total pumpage from 

the aquifer.   Aransas and San Patricio Counties are underlain by the Gulf Coast 

aquifer (Ref. 16). 

The stratigraphy of the Gulf Coast aquifer consists of a thick sequence of fluvial-

deltaic sediments deposited as a wide belt generally trending northeast, parallel to 

and dipping gently toward the present Gulf coast. The fluvial-deltaic sediments 

consist of alternating sequences of unconsolidated to partially consolidated silt, clay, 

and sand (Ref. 17, p. 2).  The Gulf Coast aquifer has been divided into four (4) units, 

each of which correlate to different sedimentary formations and have different 
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hydraulic properties.  These four units are the Catahoula confining system, the Jasper 

aquifer, Evangeline Aquifer, and the Chicot aquifer.  The Catahoula confining 

system includes the Frio Formation, the Anahuac Formation and the Catahoula Tuff 

or Sandstone. The Jasper aquifer overlies the Catahoula confining system and 

consists of the Oakville Sandstone and Fleming Formation.  The upper portion of the 

Fleming Formation forms the Burkeville confining system.  The Burkeville 

confining system separates the Jasper aquifer from the Evangeline Aquifer.  The 

Evangeline aquifer is made up of water within the Goliad Sand. The youngest and 

shallowest unit is the Chicot aquifer.  The Chicot aquifer is made up of the Willis 

Sand, the Bentley and Montgomery formations, the Beaumont Clay, and alluvial 

deposits at the surface.  The total sand thickness in all four units ranges from 700 feet 

in the south to 1,300 feet in the north (Ref. 16).   

Site-Specific Geology 
The underlying stratigraphy at the red mud lagoon sites has not been ascertained; 

however, the stratigraphy of the SAC Plant has been identified and will be used in 

the evaluation for this PA. The upper 60 feet of sediment at the site has been 

differentiated into water-bearing and non-water-bearing units as described below. 

The unsaturated zone at the site consists of 6 to 18 feet of clay and silty clay of the 

native Beaumont Formation (Unit 1 Clay).  Underlying the Unit 1 Clay is 4 to 17 feet 

of fine- to medium-grained silty sand (Zone A), which is generally continuous across 

the site.  Zone A is underlain by 29 to 51 feet of high plasticity clay and silty clay 

(Unit 2 Clay).  A deeper sand unit (Zone B) underlies the Unit 2 Clay and consists of 

fine- to medium-grained silty sand.  The thickness of the Zone B sand has not been 

established (Ref. 17, p. 2). 

Twenty-six (26) groundwater monitoring wells have been installed in the vicinity of 

the Red Mud Lagoons since 1968, three of which have been destroyed.  Seventeen 

(17) additional monitoring/test wells were installed in 2002 by Texas A&M 

Kingsville graduate students around Red Mud Lagoons 1 and 2 (Ref. 15, p. 2).   



Leo Miller Road Site  Preliminary Assessment 
CERCLIS IS No. TXN000606818  TDD No. TO-0009-07-08-01 

Dynamac Corporation, START  January 30, 2008 
 
This document was prepared by Dynamac Corporation, expressly for EPA.  It shall not be released or disclosed in whole or in 
part without the express, written permission of EPA. 
 

11

Groundwater data pertaining to Red Mud Lagoons 1 and 2 indicate total well depths 

ranging from 14.48 feet below ground surface (bgs) at Well MW-W-14 to 55.96 feet 

bgs at Well DB-5 (Ref. 15, pp. 10 -11).  Well MW-W-14 is located at the 

intersection of State HWY 188 and Copano Retreat Road, north-northeast of RML 2, 

and Well DB-5 is located in between RML’s 1 and 2 (Ref. 15, pp. 18 and 19).  The 

depth to water ranged from 2.82 feet bgs at MW-6 to 27 feet at Well DB-5 (Ref. 15, 

pp. 10-11).  Well MW-6 is located at the northwest corner of  RML 1 (Ref. 15, pp. 

18 and 19).  According to a groundwater gradient map of RML’s 1 and 2, the 

shallow groundwater flow appears to trend in several directions: to the northeast 

towards State HWY-188 and RML’s 3 and 4; to the northwest towards Leo Miller 

Road Site; and to the east toward Port Bay (Ref. 15, p. 18). 

Groundwater data pertaining to RML 3 indicate total well depths ranging from 19 

bgs at Well MW3-2 to 40.5 feet bgs at various wells (Ref. 15, p. 12).  Well MW3-2 

is located at the southeast corner of RML 3 (Ref. 15, pp. 17 and 18).  The depth to 

water ranged from 15.79 feet bgs at MW3-4 to 20.66 feet at MW3-7 (Ref. 15, p. 15).   

Well MW3-4 is located between RML 3 and Port Bay and MW3-7 is located at the 

northern corner of RML 3 (Ref. 15, pp. 17 and 18).  According to a groundwater 

gradient map of RML 3, the shallow groundwater flow appears to trend toward the 

west and RML 4, not towards Port Bay and Copano Bay (Ref. 15, p. 18). 

Groundwater data pertaining to RML 4 indicates total well depths ranging from 

13.19 feet bgs at Well MW4-1 to 20.66 feet bgs at MW4-7 (Ref. 15, p. 12).  Well 

MW4-1 is located at the southwest corner of the RML 4, and MW4-7 is located at 

the northern corner of RML 4 (Ref. 15, pp. 17 and 18).  The depth to water ranged 

from 13 feet bgs at MW4-1 and MW4-2 to 19 feet at MW4-5 (Ref. 15, p. 16).   

According to a groundwater gradient map of RML 4, the shallow groundwater flow 

appears to trend toward the west and away from RML 3, Port Bay and Copano Bay 

(Ref. 15, p. 18). 
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Likelihood of Release 
Groundwater samples were collected from the monitoring wells associated with the 

RML 1 through 4 as part of the groundwater monitoring plan for SAC.  The 

groundwater samples were collected by representatives of Naismith Engineering, 

Inc.  The collected samples were analyzed for groundwater quality parameters such 

as Total Dissolved Solids (TDS), Nitrate as N, Total Organic Nitrogen, Chloride, 

Sulfate fluoride, ammonia, mercury, and Hardness as calcium carbonate; total metals 

such as arsenic, barium, cadmium, chromium,, nickel, and vanadium; and 

polychlorinated biphenyls (PCBs) (Ref.18, pp. 3-5).  See Tables 1 though 3 for the 

results of the total metal analyses.  PCBs were not detected in any of the 

groundwater samples collected along the perimeters of the RML’s (Ref. 18, pp. 3-5). 

In summary, the heavy metals aluminum, arsenic, barium, boron, manganese and 

nickel were detected in concentrations that exceeded the laboratory reporting limits 

(RLs) for the samples collected from the perimeter of RML’s 1 and 2.  The heavy 

metals, arsenic, barium, boron, and manganese were detected in concentrations that 

exceeded the laboratory RLs for the samples collected from the perimeter of RML 3 

and 4 (Ref. 18, pp. 3-5). 

The metal concentrations detected in the monitoring well samples were compared to 

the EPA’s National Primary Drinking Water Standard, the Maximum Contaminant 

Levels (MCL) for inorganic constituents (antimony, arsenic, beryllium, cadmium, 

chromium [total], copper, lead, mercury, and selenium) for possible exceedances 

(Ref. 59, pp. 1-6).  According to the National Primary Drinking Water Standards, the 

MCLs are the highest level of a contaminant allowed in drinking water.  The MCLs 

are established as close to the Maximum Contaminant Level Goals (MCLG) as 

feasible, using the best available treatment technologies and taking cost into 

consideration.  MCLs are enforceable standards (Ref. 59, p. 5).  Comparison to the 

MCLs indicate two exceedances for arsenic (MCL: 10.0 µg/L), in the monitoring 

well samples (Ref. 18, pp.3-5 and Ref. 59, p. 1).  The first exceedance was identified 

at monitoring well MW-04, which is associated with RML 2.  Arsenic was detected 
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in MW-04 at a concentration of 11.0 µg/L. The second arsenic MCL exceedance was 

documented at monitoring well MW-4-2, which is associated with RML 4.  Arsenic 

was detected in MW-4-2 at a concentration of 15.0 µg/L.  Detected concentrations of 

barium in the monitoring well samples did not exceed its corresponding MCL.  

There are no established MCLs for the following inorganic analytes: aluminum, 

boron, manganese, nickel, or vanadium.  The groundwater collected from the 

monitoring wells was not treated either chemically or physically, prior to the 

collection of the groundwater samples.  

In addition, the monitoring well analytical results were compared to the EPA’s 

Secondary Drinking Water Standards (SDWS) for aluminum, copper, and 

manganese, for potential exceedances (Ref. 59).   As with the comparison to the 

MCLs, it should be noted that the monitoring well analytical results were compared 

to drinking water standards which are based on treatment technologies.   The SDWS 

are non-enforceable guidelines regulating contaminants that may cause cosmetic 

effects (e.g., skin or tooth discolorations) or aesthetic effects (e.g., taste, odor, or 

color) in drinking water (Ref. 59, p. 6).  Comparison of the monitoring well sample 

results to the SDWS indicate exceedances of manganese (SDWS: 50.0 µg/L) in the 

groundwater at each RML.  At RMLs 1 - 4, the concentration of manganese exceeds 

the manganese SDWS at the following monitoring wells: 

• RML 1: MW-01 at 1,800.0 µg/L, MW-07 at 1,700.0 µg/L, MW-08 at 
990.0 µg/L, MW-09 at 650.0 µg/L, MW-10 at 710.0 µg/L, and MW-11 at 
150.0 µg/L, 

• RML 2: MW-03R at 540.0 µg/L, MW-04 at 2,000.0 µg/L, and MW-05 at 
560.0 µg/L; 

• RML1 and 2: DB-5 at 1,100.0 µg/L; 
• RML3: MW-3-1 at 710.0 µg/L, MW-3-2 at 92.0 µg/L, MW-3-3 at 990.0 

µg/L, MW-3-4 at 3,100 µg/L, MW-3-5 at 60.0 µg/L, MW-3-6 at 890.0 
µg/L, and MW-3-7 at 240.0 µg/L; and  

• RML 4: MW-4-1 at 1,500 µg/L, MW-4-2 at 3,900 µg/L, MW-4-2A at 
500.0 µg/L, MW-4-7 at 370.0 µg/L, and MW-4-7A at 1,200 µg/L (Ref. 
18, pp. 4-5 and Ref. 59, p. 6). 
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There are no exceedances of aluminum or copper SDWS; however, the detected 

concentration of aluminum at MW-1 (160.0 µg/L) was found to be within the SDWS 

range for aluminum (50.0 µg/L to 20,000 µg/L) (Ref. 18, p. 3 and Ref. 59, p. 6).  

MW-1 is associated with RML 1.  It should be noted that the groundwater collected 

from the monitoring wells was not treated either chemically or physically, prior to 

the collection of the groundwater samples. 

Based on the analytical results of the collected groundwater samples from the 

perimeter of the RML’s, a potential does exist for suspected groundwater 

contamination with metals; however, background wells will need to be identified and 

sampled in order to determine if a release of chemical constituents is occurring from 

the RML’s.  Groundwater samples have not been collected from the residential 

homes located along Leo Miller Road Site, thus it is not known if suspected 

contamination exists within these water wells. 

5.1.2 Groundwater Targets 

In 1997, groundwater use in Aransas and San Patricio Counties accounted for 

approximately 14.0% and 11.5%, respectively, of the total water use in the counties 

(Ref. 16, pp. 6-7).  This indicates that surface water is the main source of water in 

both of these counties. 

Documentation obtained indicates that most municipal water districts and rural water 

supply companies in the area (Cities of Taft and Gregory, Rincon WSC, etc.,) obtain 

their drinking water supplies by purchasing water from the San Patricio Water 

Supply Company, who in turn purchases potable drinking water from the City of 

Corpus Christi (Ref. 19; Ref. 20; Ref. 21; and Ref. 22).  The City of Corpus Christi 

obtains drinking water from the Nueces River, a perennial surface water body (Ref. 

23).   

Along Leo Miller Road Site, the residents maintain groundwater wells; some of 

which may be used for drinking water purposes (Ref. 7, p. 4).  The residents along 

Leo Miller Road Site have requested hook-ups to the Rincon Rural Water Supply 
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Company; however, due to the cost associated with the hook-ups, they have declined 

to become part of the Rincon Rural Water Supply Company (Ref. 21).  The nearest 

identified drinking water well has been identified at the residence located at 111 Leo 

Miller Road Site.  According to the residents residing at this location, the well is 

approximately 280 feet in depth and the residents must “distill” the groundwater 

before it can be used for drinking (Ref. 7, p. 4).  This residence is located 

approximately 0.5 miles from the northwest corner of RML 2 (Figure 3; Ref. 4).  

However, according to a local citizen, the majority of the private domestic water 

wells in the area are not utilized as a drinking water source, due to the brackish 

nature of the groundwater.  The groundwater wells are used primarily to provide 

water for cleaning laundry and dishes, and watering lawns and gardens (Ref. 7, p. 4) 

Several rural water companies have been identified in the vicinity of the site; 

however, only the Rincon Water Supply Company (WSC), Division 1 supplies 

drinking water to those residents living within the 1 to 2 mile radius, the 2 to 3 mile 

radius, and the 3 to 4-mile radius (Figure 3; Ref. 4; Ref. 20; Ref. 21; and Ref. 22).  

The Rincon WSC, Division 1 supplies water to approximately 326 meters (Ref. 22).  

The service boundary for Rincon WSC, Division 1 includes those residents residing 

along County Road (CR) 96, CR 98, CR 102; west of CR 89M and east of CR 95C 

to 95A (Ref. 21).  It will be assumed that all 326 meters are located in San Patricio 

County.  The population per household figure for San Patricio County is 2.74 

individuals per household (Ref. 57, p. 2).  Therefore the total number of individuals 

obtaining their potable water from Rincon WSC, Division 1 is 893 (326 meters x 

2.74 individuals/household = 893.24).  The majority of their customers are located 

between Highway’s 136 and 361 (Ref. 21).  See Figure 2 for the location of the 

county roads listed above.  The Rincon WSC system (Divisions 1 through 3), supply 

drinking water to approximately 1,500 meters (Ref. 22).  No other water supply 

systems have been identified within the 4-mile Target Distance Limit (TDL) that 

obtains drinking water from groundwater wells. 
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It will be assumed for purposes of the PA, that all residents within the 4-mile TDL 

obtain their drinking water from private, domestic water wells, except for those 

individuals obtaining potable water from Rincon WSC, Division 1. To determine the 

total number of individuals within the 4-mile TDL obtaining potable water from 

private domestic water wells several assumptions will be made: 1). The 893 

individuals obtaining potable water from Rincon WSC, Division 1 are located in San 

Patricio County, 2) because the exact service boundaries for the Rincon WSC have 

not been obtained, the 893 individuals will be divided by 3 in order to obtain the 

number of individuals per distance ring.  Thus, approximately; 298 individuals 

within the 1 to 2 mile radius, 298 individuals within the 2 to 3 mile radius, and 297 

individuals within the 3 to 4-mile radius obtain potable water from Rincon WSC, 

Division 1, and will not be counted; and 3) the remaining population within the 4-

mile TDL will be assumed to obtain potable water from groundwater sources.  The 

number of individuals obtaining drinking water from groundwater wells within the 

various target distance radii have been obtained from Geographical Information 

System (GIS) census data and are listed as follows: 

• ¼ to ½ mile: 565; 
• ½ to 1 mile: 223; 
• 1 to 2 miles: 673 – 298 = 375 ; 
• 2 to 3 miles: 734 – 298 = 436; and  
• 3 to 4 miles:  2,003 – 297 = 1,706 (Figures 2, 3 and 5; Ref. 4; Ref. 21 and 

Ref. 24). 
 

It should be noted that the actual number of residents utilizing domestic water wells 

for their drinking water source is not known.  There are residents within the 4-mile 

TDL that purchase bottled water for their drinking water source (Ref. 7, p. 4).  In 

order to determine the actual number of individuals obtaining potable water from 

private, domestic waters, a comprehensive water well search and inventory will need 

to be conducted. 

Three Wellhead Protection Areas (WPA) have been identified; however, the WPA’s 

do not appear to be located within the 4-mile TDL (Ref. 25). 
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Commercial agriculture does occur within the 4-mile radius, with such crops as 

sorghum grain and cotton being commercially grown; however, due to the brackish 

nature of the groundwater, irrigation water is not supplied by groundwater sources 

(Ref. 26; Ref. 27).  No other groundwater resource use has been identified within the 

4-mile TDL. 

5.2 Surface Water Migration Pathway 

The Surface Water Migration Pathway (SWMP), overland/flood migration component 

assesses the potential for suspected contamination in perennial surface water bodies 

identified as part of the 15-mile downstream target distance limit (TDL).  Identified 

perennial surface water bodies include streams, rivers, lakes, coastal tidal waters and 

oceans.  The SWMP takes into account such factors as distance to the overland flow 

segment, the nearest surface water body, flood frequencies, drainage area, surface soil 

type(s), and the 2-year, 24 hour rainfall figure, which comprise the Likelihood of Release; 

the size of the source(s) being evaluated and the chemical constituents associated with the 

sources, which comprise the Waste Characteristics; and the associated SWMP targets 

identified within the 15-mile downstream TDL.  SWMP targets include the location of the 

nearest drinking water intakes and associated populations (Drinking Water Threat), 

fisheries and the consumption of aquatic human food chain organisms (Human Food Chain 

Threat), and sensitive environments (Environmental Threat) (Ref. 1; Ref. 2; and Ref. 3). 

5.2.1 Surface Water Characteristics 

No documentation has been obtained to indicate that surface water drainage from the 

four RML’s is discharged into a perennial surface water body.  According to a 

citizen residing on Leo Miller Road Site, surface discharges from the RML’s do 

enter Port Bay; however, the EPA/START team was not able to substantiate this 

claim during the reconnaissance inspection conducted on October 9, 2007 (Ref. 7, p. 

4).  Small drainage ditches do surround the perimeters of RML’s 1 and 2; however, it 

is not known if these perimeter ditches receive discharge from the RML’s or whether 

the drainage ditches discharge into a perennial surface water body (Figure 2; Ref. 4; 

and Ref. 7, p. 4-5). 
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For PA purposes it will be assumed that discharges from the RML’s do enter Port 

Bay; however, documentation will need to be obtained to substantiate this 

assumption.  It will be assumed that the probable point of entry (PPE) into a surface 

water body will be located east of RML’s 1 and 3 and into various portions of Port 

Bay.  The distance to the nearest surface water body is approximately ⅛ to ¼ of mile 

from the RML’s to Port Bay (Figure 4; Ref. 4).  The 15-mile downstream TDL will 

begin at the PPE in Port Bay and travel in a northeast direction for approximately 

4.75 stream miles where it enters Copano Bay.  The remaining 10.25 stream miles 

are situated within Copano Bay.  See Figure 4 for the locations of Port Bay and 

Copano Bay. 

Copano Bay and Port Bay are considered coastal bays and estuaries and under tidal 

influence from the Gulf of Mexico (Ref. 28, p. 2; Ref. 29, p. 2; and Ref. 30, p.2). 

Due to the tidal influence, the 15-mile downstream TDL will also include that 

portion of Port Bay located southwest of the site, approximately 0.79 miles in length 

from RML 1 (Figure 4; Ref. 4).  The Copano Bay Watershed is considered as a 

saltwater estuary, and will be evaluated as coastal tidal waters (Ref. 2, Table 4-3; 

Ref. 3; and Ref. 28, p.2). 

The site is situated within the San Antonio – Nueces Coastal watershed, which 

contains both the Aransas and Mission Rivers.  The Aransas River empties into 

Copano Bay and the Mission River empties into Mission Bay, which is the western-

most extension of Copano Bay (Figure 4; Ref. 4; and Ref. 30, p. 2).  

Copano Bay is located in the San Antonio-Nueces Coastal Basin.  Copano Bay 

covers part of Aransas and Refugio counties, while the watershed also encompasses 

Bee, Goliad, Karnes, and San Patricio Counties.   Port Bay and Mission Bay are sub-

bays of Copano Bay (Ref. 30, p. 2).  Copano Bay is considered a 12 x 6 mile 

extension of Aransas Bay, approximately 65.2 square miles in size and the 

surrounding flat marshy terrain is surfaced by sand and dark clays that support 

mesquite trees and grasses (Ref. 31 and Ref. 32).  Copano Bay is used for contact 
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recreation, general use, aquatic life growth, fish consumption use, and oyster waters 

use (Ref. 28, p. 2). 

The drainage area for the site is currently unknown; however, the elevated earthen 

levees surrounding the RML’s potentially exclude upgradient surface water drainage 

from entering the site area (Ref. 7).  The soil types located at the site have not been 

obtained.  The 2-year, 24-hour rainfall figure for the site area (Corpus Christi area) is 

between 4.0 to 4.5 inches (Ref. 33, p. 4).   

Neither surface water nor sediment samples have been collected within the 15-mile 

downstream TDL, thus, it is not known if suspected contamination, attributed to the 

SAC RML’s, can be documented at this time.  As stated earlier, documentation 

should be researched and obtained as to whether site drainage from the RML’s  

enters a perennial surface water body. 

5.2.2 Surface Water Targets 

Drinking Water Threat 
Due to the brackish nature of Port Bay and Copano Bay drinking water is not 

obtained from surface water intakes located within the 15-mile downstream TDL 

(Ref’s. 19 – 23; Ref. 28, p. 2).  Most surface water is purchased from the City of 

Corpus Christi.  The city obtains their drinking water from the Nueces River (Ref. 23 

and Ref. 34).  The Nueces River is not part of the 15-mile downstream TDL (Figure 

4; Ref. 4). 

Agriculture does occur within the vicinity of Leo Miller Road Site and the four 

RML’s, with such crops as sorghum grain and cotton being commercially grown; 

however, irrigation does not occur from surface water sources near the site vicinity 

(Ref. 27; Ref. 28).  Duck hunting also occurs within the confines of Port Bay as part 

of the Port Bay Hunting and Fishing Club established in 1909.  Duck hunting usually 

occurs in December and January (Ref. 35, p. 6).   No other surface water resource 

use has been identified within the 15- mile, downstream TDL. 
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Fisheries Threat 
START observed recreational fishing taking place in Port Bay and crab traps within 

the bay during the reconnaissance inspection conducted on October 9, 2007 (Ref. 7, 

pp. 4-5; Appendix B).  According to the Coastal Fisheries section of the Texas Parks 

and Wildlife (TPWL) and the Seafood and Aquatic Life Group of the Texas 

Department of Health (TDH), crab fishing and commercial fishing are not supposed 

to occur within Port Bay (Ref. 36 and 37).  Commercial and recreational fishing 

occurs in the Copano Bay (Ref. 28, p.2; Ref. 38, pp. 4-6; and Ref. 40, pp. 3-4).   Fish 

species caught and consumed by human populations from the Copano Bay watershed 

include redfish, black drum, spotted trout, sheepshead, flounder, red snapper, blue 

crab, etc., (Ref. 38, pp. 4-6; Ref. 40, pp. 3-4).  Fly-fishing and wade-fishing also 

occur at several locations within Port Bay and Copano Bay.  Fish species mainly 

caught by fly-fishing or wade-fishing include redfish and spotted trout (Ref. 39, pp. 

2-3).  

The actual poundage of each identified species recreationally caught within the 

Copano Bay watershed cannot be accurately determined; however, recreational 

fishing data from the Aransas Bay system has been obtained.  The Aransas Bay 

system fishery data is based on 25 years of accumulated data, 1981 to 2005 (Ref. 40, 

pp.3-4).  In order to calculate the poundage of individual fish species caught 

commercially in the Copano Bay system, it will be assumed that 5% of the total 

poundage caught from the Aransas Bay system was actually caught from Copano 

Bay. The assumed annual poundage of each individual fish species is listed as 

follows: 

• Black Drum: 4,600.4 lbs.; 
• Flounder: 2,997.5 lbs.; 
• Sheepshead: 962 lbs.;  
• Mullet:  208.6 lbs.; and 
• Blue Crab: 54,895.1 lbs. 

 

Thus, the total annual poundage of aquatic human food chain species commercially 

caught and potentially consumed by human populations is 63,663.6 lbs (Ref. 40, pp. 



Leo Miller Road Site  Preliminary Assessment 
CERCLIS IS No. TXN000606818  TDD No. TO-0009-07-08-01 

Dynamac Corporation, START  January 30, 2008 
 
This document was prepared by Dynamac Corporation, expressly for EPA.  It shall not be released or disclosed in whole or in 
part without the express, written permission of EPA. 
 

21

3-4).  However, the actual poundage of the aforementioned species, redfish, and 

speckled trout caught on a recreational basis has not been obtained. 

Copano Bay and Port Bay at one time were used to harvest oysters; however, in 2006 

the TCEQ issued a statement that that Copano Bay was not suitable for oyster 

harvesting due to the elevated bacteria concentrations from various sources (Ref. 37; 

Ref. 41; Ref. 42; and Ref. 43).   

Environmental Threat 
Several potential sensitive environments have been identified for this pathway.  

Sensitive environments documented include: the Copano Bay Fishing Pier (a State 

Park), endangered and threatened species, and wetlands (Figure 4; Ref. 4; Ref. 44 

through Ref. 54).  The Copano Bay Fishing Pier is a 5.9 acre state park located 5 

miles from Rockport, Texas and that has 2,500 feet of public fishing space on the 

north side and 6,190 feet of public fishing space on the south side (Ref. 44, pp. 2-3).  

Several potentially endangered and/or threatened species occur within the 15-mile 

downstream TDL (Ref. 45 through Ref. 53).  See Table 3 for a list of the endangered 

or threatened species.  It should be noted that the listed endangered or threatened 

species have been identified within the confines of Aransas and San Patricio 

Counties; however, their actual presence within the 15-mile downstream TDL have 

not been officially documented. 

Wetland frontage has been identified along the 15-mile TDL.  It estimated that 

between 10 to 15 miles of wetland frontage may exist within the 15-mile 

downstream TDL (Figure 4; Ref. 4 and Ref. 54, pp. 2-7).  These wetlands have been 

classified by the U.S. Fish and Wildlife Service (USF&W) services as estuarine and 

marine wetlands (Ref. 54, pp. 3-8).   

5.3 Soil Exposure Pathway 

The Soil Exposure Pathway assesses the threat to human health and the environment by 

direct exposure to hazardous substances and areas of suspected contamination.  This 

pathway takes into account potential contact with in-place hazardous substances at a site, 
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rather than the migration of substances from the site (Ref. 1). The following subsections 

will describe the various details associated with this pathway.  

5.3.1 Likelihood of Exposure 

Likelihood of Exposure is concerned with areas of suspected contamination and is 

not limited to soil, but any sources, areas of contamination or other material on the 

surface that can be considered as areas of suspected contamination.  There is no 

documentation to indicate that samples have been collected and analyzed for 

hazardous constituents, from either the red mud residue or inside of the homes 

located along Leo Miller Road Site; nor has documentation been obtained from SAC 

that the red mud residue does not contain hazardous constituents as defined by 

CERCLA.  Due to the lack of analytical data for the red mud residue and dust, it is 

not known if a suspected area of contamination exists for the Leo Miller Road Site 

site.  However, the EPA/START reconnaissance team did observe red mud residue 

along the outside and inside of the window sills located along Leo Miller Road Site 

(Ref. 7, p. 4).   

Documentation has not been obtained to indicate that the RML’s are covered by 

more than 2 feet of an impenetrable cover.  The combined size of the four RML’s is 

approximately 14,880,000 square feet (ft2) or 3,416 acres (Figure 2; Ref. 4).  See 

Section 4 for the individual size of each RML.  The Red Mud Lagoons are 

surrounded by a barbed-wire fence and have an earthen levee that surrounds each 

lagoon (Ref. 7, p. 5).  The RML’s are not open to the public, as access is restricted 

by Mine Health and Safety Administration regulations.  However, SAC will provide 

private tours to the interested parties of the property surrounding the lagoons.  TPWL 

and USF&W personnel are frequent visitors to the SAC property containing the red 

mud lagoons (Ref. 9, p. 2).  The RML’s will be evaluated for 

attractiveness/accessibility as “surrounded by a maintained fence or a combination of 

a maintained fence and natural barriers” (Ref. 2, Table 5-6) 
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5.3.2 Soil Exposure Targets 

Resident Threat 
Approximately 20 residential structures have been identified along Leo Miller Road 

Site (Ref. 7, p. 4).  Red mud dust has been identified on the outside and inside 

window sills of one of the residents living along Leo Miller Road Site and in 

Gregory, TX (Ref. 7, p. 3-4; Appendix B).  It appears that the red mud dust is 

migrating to the residential structures located along Leo Miller Road Site, via the air 

migration route.  The predominant, annual wind direction is from the southeast to the 

northwest (Ref. 55, p. 4); thus, it appears that the majority of the residents along Leo 

Miller Road Site are downwind of RML’s 1 and 2.  As stated in Section 4, the 

residents along Leo Miller Road Site have reported adverse health affects such as 

respiratory diseases and skin irritations (Ref. 6, p.2). 

There are no schools or daycare centers located on Leo Miller Road Site, or on or 

within 200 feet of areas of suspected contamination (residential structures and red 

mud lagoons) (Ref. 7, p. 4). 

The only workers are those employed by SAC to maintain the RML’s.  The actual 

number of SAC employees at the RML’s is not currently known; however, the SAC 

facility employs approximately 800 workers (Ref. 7, p. 2 and Ref. 10). 

According to the TPWL and the USF&W, several federally and state designated 

endangered or threatened species exist in both Aransas and San Patricio Counties 

(Ref. 45).  See Table 4 for a list of these potential terrestrial sensitive environments.  

It must be noted that the listed endangered and/or threatened species have been 

located within the two aforementioned counties; however, they have not been 

specifically identified at the Leo Miller Road Site or within the property boundaries 

containing RML’s 1 through 4.  SAC has indicated that a very broad range of 

wildlife can be found on the property surrounding the red mud lagoons.  The wildlife 

indicated include ospreys, alligators, hogs, deer, rattlesnakes, and thousands of 

resident and migratory bird species (Ref. 9, p. 3). 
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Nearby Threat 
The area surrounding Leo Miller Road Site and the red mud lagoons are sparsely 

populated.  Approximately 175 families have been identified along Leo Miller Road 

Site, County Road (CR) 4351, CR 1177, and CR 1432 (Ref. 6, p. 2).  According to 

GIS census data approximately 788 individuals reside within 1 mile of the site 

(Figure 5; Ref. 4 and Ref. 24). 

5.4 Air Migration Pathway 

The Air Migration Pathway assesses the threat to human health and the environment 

through the threat of airborne releases of hazardous substances.  Criteria to be evaluated 

include the Likelihood of Release, Waste Characteristics (source types and chemical 

constituents), and identified Targets within a 4-mile radius (Ref. 1; Ref. 2; and Ref. 3). 

5.4.1 Air Pathway Characteristics 

Likelihood of Release 
The residents on Leo Miller Road Site are located northwest of RML 1 and 2 

(Figures 1 and 2).  The annual prevailing wind direction is from the southeast to the 

northwest, thus, the residents are located downwind of RML 1 and 2 (Ref. 55, p. 4).  

According to residents along Leo Miller Road Site, the community experiences large 

exposures of windblown dust on a regular and continuous basis for at least 8 to 12 

months a year.  It has been reported that the homes and lawns have become covered 

in red mud dust during the frequent dust storms (Ref. 6, pp. 2-3).  The residents have 

made several complaints to the TCEQ Corpus Christi office concerning the 

windblown dust.  The TCEQ has investigated the windblown particulate complaints 

and have found no evidence to substantiate the alleged complaints (Ref. 12 and Ref. 

13).  One land owner has video graphic documentation of the red dust being blown 

from the red mud lagoons toward their residence (Ref. 56).  The EPA/START team 

did observe red dust both outside/inside the windows at one residential home located 

along Leo Miller Road Site (Ref. 7, p. 3).  Neither air samples nor wipe samples 

have been collected and analyzed to ascertain if hazardous constituents, such as 

heavy metals, exist as part of the chemical makeup of the red mud residue or dust.  
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Based on the video graphic documentation made available to the EPA/START team, 

it does appear that a suspected air release by direct observation may have occurred at 

the Leo Miller Road Site site; however, documentation has not been obtained to 

indicate that the red mud residue or dust contain hazardous constituents (Ref. 1 and 

Ref. 56). 

Waste Characteristics 
The source being evaluated is a surface impoundment in which the red mud residue 

is being deposited and the corresponding liquid being allowed to evaporate.  All four 

RML’s are surrounded by earthen levees; however, the RML’s are not covered to 

eliminate airborne migration of red mud residue nor is dust suppression activity 

occurring within the lagoons (Ref’s. 6, pp. 2-3).   

Red mud, or bauxite residue, is the industrial waste of bauxite mining for the purpose 

of extracting alumina.  The red mud residue dries to a very fine particulate matter of 

less than PM 2.5, with over 50% less than 1 micron in size. The red mud residue 

contains significant amounts of iron (20-50%), aluminum (20-30%), calcium (10-

30%), silicon (10-20%), and sodium (Ref. 6, pp. 2-3; and Ref. 9, p. 2).  Red mud 

residue may contain trace amounts of metals such as arsenic, barium, boron, 

cadmium, chromium, cobalt, gallium, vanadium, scandium, and lead, as well as 

radionuclides (Ref. 11, pp. 4 and 5).  

Samples of the red mud residue or dust have not been analyzed for the presence of 

hazardous materials, such as heavy metals.  Collected samples have been analyzed 

for bauxite, calcium, magnesium, sodium, potassium, magnesium, pH, Nitrate as N, 

cation exchange capacity, specific conductance, and ammonia (Ref. 58, pp. 4-6). 

5.4.2 Air Pathway Targets 

The 4-mile radius is rural in nature and appears to be sparsely populated (Figures 1 

and 2).  The distance to the nearest individual or regularly occupied building (Leo 

Miller Road Site) is approximately 0.5 miles west of RML’s 1 and 2 (Figure 3; Ref. 

4).  On Leo Miller Road Site, CR 4351, and CR 1177 approximately 75 families 
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have been documented (Ref. 6, p. 2). The total number of individuals residing within 

the 4-mile TDL, based on Tiger census data for 2000, is 4,198 (Figure 5; Ref. 4; and 

Ref. 24).  The number of potential individuals within the various target distance radii 

have been obtained using GIS Tiger census data and are listed as follows: 

• ¼ to ½ mile radius: 565 
• ½ to 1 mile radius: 223 
• 1 to 2 mile radius: 673 
• 2 to 3 mile radius: 734; and 
• 3 to 4 mile radius: 2,003  

 

See Figure 5 for the population, by distance radii, within the 4-mile TDL (Ref. 4 and 

Ref. 24). 

Several sensitive environments have been potentially identified within the 4-mile 

TDL.  According to the TPWL and the USF&W, several federally and state 

designated endangered or threatened species exist in both Aransas and San Patricio 

Counties (Ref’s. 45 - 53).  See Tables 4 and 5 for a list of these potential endangered 

and/or threatened species.  It must be noted that the listed endangered and/or 

threatened species have been located within the two aforementioned counties; 

however, they have not been specifically identified within the 4-mile TDL associated 

with the Leo Miller Road Site. 

Several wetlands have been identified within the 4-mile TDL and include estuarine 

and marine wetlands, and freshwater emergent wetlands.  It is estimated that 550 

total acres of wetlands exist within the 4-mile TDL (Figure 3; Ref. 4; Ref. 54, pp. 1-

5).   The estimated wetland acreage within the various target distance radii have been 

obtained using GIS data and are listed as follows: 

• ¼ to ½ mile radius: 50 acres; 
• ½ to 1 mile radius: 100 acres; 
• 1 to 2 mile radius: 200 acres; 
• 2 to 3 mile radius: 150 acres; and 
• 3 to 4 mile radius: 50 acres 

 



Leo Miller Road Site  Preliminary Assessment 
CERCLIS IS No. TXN000606818  TDD No. TO-0009-07-08-01 

Dynamac Corporation, START  January 30, 2008 
 
This document was prepared by Dynamac Corporation, expressly for EPA.  It shall not be released or disclosed in whole or in 
part without the express, written permission of EPA. 
 

27

Two air resource factors have been documented within the 4-mile TDL.  Commercial 

agriculture does occur within the 4-mile radius, with such crops as sorghum grain 

and cotton being grown (Ref. 27 and Ref. 28).   In addition, Port Bay Hunting and 

Fishing Lodge, a designated recreation area, is located within the 4-mile TDL (Ref. 

35, pp. 2-9). 

6 SUMMARY 

The Leo Miller Road Site is located in Taft, Aransas/San Patricio Counties, Texas, and is the 

result of a PA Petition sent to the EPA Region 6 from the South Texans Against Pollution 

(S.T.O.P.).  The PA Petition is in response to the red mud residue and dust that is currently being 

generated at the Sherwin Alumina Company (SAC) plant located in Gregory, Texas and the 

corresponding red mud lagoons used by SAC to dispose of the red mud residue.  Leo Miller 

Road Site is situated west-northwest of SAC’s RML’s 1 and 2 and is in an unincorporated area 

of Taft, Texas.  The area to the west, northwest, north, south and southwest of the RML’s is not 

heavily populated.  Approximately 20 residential structures were observed during the 

EPA/START team reconnaissance inspection conducted on October 9, 2007. 

Red mud residue is the waste product that results from the production of alumina.  Bauxite, a 

mined mineral, is the primary material used to generate alumina.  Alumina is generated by the 

Bayer Process at the SAC plant in Gregory, TX.  According to the mining and metal producing 

industries, the bauxite and red mud residue are exempt for evaluation as a hazardous waste under 

RCRA regulations due to the Bevill Amendment. There is no analytical data available to indicate 

that the red mud residue from the SAC RML’s contain hazardous constituents, such as heavy 

metals.  The TCEQ did collect tape samples of the red mud dust from a residential structure; 

however, it was only analyzed for bauxite constituents.  According to SAC representatives, the 

red mud residue is classified as a Class II non-hazardous industrial waste.  Members of S.T.O.P. 

claim that the red mud residue contains hazardous constituents, such as heavy metals,  and has 

caused numerous health issues for those residents living directly downwind of the RML’s.  

Based on documentation obtained from the TCEQ, there is no air permit requiring air quality 

monitoring at the RML’s.  Any dust being generated from the RML’s would fall under the 

Nuisance Law as stated in 30 TAC § 101.4.  However, because the TCEQ air inspectors have not 
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visually observed the red mud dust migrating from the RML’s toward Leo Miller Road, no 

enforcement of 30 TAC § 101.4 has occurred to date.  

For PA purposes, the four (4) RML’s have been evaluated as surface impoundments.  The 

combined size of the 4 RML’s is approximately 148,800,000 ft2 in size: (RML 1: 48,100,000 ft2; 

RML 2: 52,800,000 ft2; RML 3: 18,390,000 ft2; and RML 4: 29,510,000 ft2. Each RML is 

surrounded by an earthen levee and are not covered.  Dust suppression activities are not carried 

out due to the sheer size of each RML.  Documentation has not been obtained to indicate specific 

containment structures for the three migration pathways (Groundwater, Surface Water, and Air). 

The HRS pathways of concern at the PA are the Air and Groundwater Migration pathways, 

should observed releases be documented to both pathways.  An air observed release by direct 

observation may be documented based on video graphic evidence of the red dust being blown 

from RML 2 and migrating towards the residential structures located on Leo Miller Road Site.  

However, there is no available documentation to indicate that the red dust contains hazardous 

constituents.  There are residents on Leo Miller Road Site that are downwind of RML’s 1 and 2.  

In addition, several potential sensitive environments (i.e., wetlands, endangered and threatened 

species) may exist within the 4-mile TDL. 

For the Groundwater Pathway, there are residents living within the 4-mile TDL that obtain their 

drinking water supply from private, domestic water wells; however, the actual number of 

residents using wells as their drinking water source is not currently known.  Groundwater 

samples have not been collected and analyzed for hazardous constituents (heavy metals) from 

either the monitoring wells surrounding the RML’s or from the residential wells located on Leo 

Miller Road Site, thus an observed release to this pathway cannot be documented.  Should an 

observed release, attributable to the RML’s be documented to drinking water wells, this pathway 

will become a pathway of concern. 

Currently, there is no documentation to indicate that surface water drainage from the RML’s 

enter a perennial surface water body.  Should documentation be obtained that surface water 

drainage or groundwater seepage enter Port Bay or Copano Bay (coastal tidal water), a potential 

does exist that the Surface Water Pathway could become a pathway of concern.  Both Port Bay 
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and Copano Bay have been documented as a fishery (recreational and commercial), with such 

aquatic human food chain organisms as redfish, speckled trout, black drum, and blue crabs, being 

caught from these surface water bodies.  In addition, wetland frontage has been identified along 

Port and Copano Bay’s, and a potential does exist for federal or state listed endangered or 

threatened species to exist in these two surface water bodies. 

Currently, it does not appear that the Soil Exposure Pathway is a pathway of concern due to the 

lack of an area of observed contamination.  There is no documentation to indicate that 

individuals are residing on or within 200 feet of the RML’s, nor is there documentation to 

indicate that schools, daycare centers, or terrestrial sensitive environments located on or within 

200 feet of the RML’s.  

Should observed releases occur to the Groundwater, Surface Water, and Air Migration pathways, 

the site has a potential to be eligible for the EPA’s National Priority List (NPL).  However, if no 

observed releases of hazardous constituents attributable to the RML’s can be documented, the 

site would not be eligible for the NPL.  In order to document the observed releases, source 

samples and pathway specific samples, including background samples, will need to be collected 

and analyzed for hazardous constituents, and pathway-specific targets (e.g., number of drinking 

water users) will need to be documented. 
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44. Aransas County Navigation District (ACND).  Copano Bay Pier – Boat Launching 
Facility and Waterfront Access Area. Accessed from ACND website on November 12, 
2007.  Total Pages: 3 

45. Texas Parks and Wildlife (TPWD).  Endangered and Threatened Species in Aransas and 
San Patricio Counties.  Accessed from the TPWD website on November 7, 2007.  Total 
Pages: 8 

46. U.S. Fish and Wildlife Service (USF&WS).  Endangered Species Profiles: Brown 
Pelican, whooping Crane, Eskimo Curlew, Piping Plover, and Ocelot.  Accessed from the 
USF&WS endangered species website on November 12, 2007.  Total Pages: 18 

47. University of Texas, Education.  Herps of Texas – Frogs and Toad: Hypoachus 
variolosus.  Accessed from the UT Education website on November 13, 2007.  Total 
Pages: 3 

48. Wikipedia.  Notophthalmus meridionalis Fact Sheet.  Accessed from Wikipedia website 
on November 13, 2007.  Total Pages: 4 

49. University of Texas, Education.  Herps of Texas – Salamanders: Notophthalmus 
meridionalis .  Accessed from the UT Education website on November 13, 2007.  Total 
Pages: 3 

50. Texas Parks and Wildlife (TPWD).  Endangered and Threatened Species: Reddish Egret.  
Accessed from the TPWD website on November 13, 2007.  Total Pages: 4 

51. University of Michigan Museum of Zoology (UMMZ). The Animal Diversity Web.  
Profile for Mycelia American, wood stork.  Accessed from the UMMZ website on 
November 13, 2007. Total Pages: 7 

52. Texas Parks and Wildlife (TPWD).  Endangered and Threatened Species: White-faced 
Ibis.  Accessed from the TPWD website on November 13, 2007.  Total Pages: 4 

53. Texas Parks and Wildlife (TPWD).  Endangered and Threatened Species: Louisiana 
Black Bear.  Accessed from the TPWD website on November 13, 2007.  Total Pages: 5 

54. U.S. Fish and Wildlife Service (USF&WS), Division of Habitat and Resource 
Conservation, WetlandsMapper.  Accessed USF&WS WetlandsMapper website on 
November 19, 2007.  Total Pages: 9 



Leo Miller Road Site  Preliminary Assessment 
CERCLIS IS No. TXN000606818  TDD No. TO-0009-07-08-01 

Dynamac Corporation, START  January 30, 2008 
 
This document was prepared by Dynamac Corporation, expressly for EPA.  It shall not be released or disclosed in whole or in 
part without the express, written permission of EPA. 
 

34

55. Texas Commission on Environmental Quality (TCEQ).  Wind Rose Data for Corpus 
Christi, Texas.  Accessed from the TCEQ website on November 22, 2007.  Total Pages: 
16. 

56. Memo to File: Video graphic Documentation of Red Dust.  Provided by: Mr. Andrew 
Spaeth, Attorney, care of Ms. Nelda Salinas;  Provided to:  Mr. Jon Rinehart, EPA SAM. 
October 11,2007.  Ten (10) video clips: Two dated March 18, 2006, one dated April 15, 
2006, and remaining seven clips with no dates. 

57. U.S. Census Bureau.  Texas QuickFacts: San Patricio County.  Accessed from US Census 
Bureau website on November 29, 2007.  Total Pages: 4. 

58. Test America.  Analytical Report, Job Number: 560-6019-1; Job Description: Sherwin 
Alumina Soil Analysis.  Prepared for Naismith Engineering.  September 14, 2007.  Total 
Pages: 22. 

59. 59. U.S. Environmental Protection Agency.  National Primary Drinking Water 
Regulations: list of Dinking Water Contaminants and their MCLs and the List of 
Secondary Drinking Water Regulations.  Accessed U.S. EPA website on January 11, 
2008.  Total Pages: 6. 

60. 60. U.S. Department of Transportation (DOT). 49 CFR § 105, 171, 177, 392, and 
397.  Accessed from the U.S. DOT website on January 22, 2008.  Total Pages: 26 

61. Record of Communication.  Sherwin Alumina Company – General Air Permit No. 4971.  
From Steve Cowan, Dynamac START PjM.  To Jonathon Martin, Air Permit Section, 
TCEQ.  January 28, 2008.  Total Pages: 1. 

62. Record of Communication.  Air Permits for Sherwin Alumina Company, Gregory, Texas.  
From. Steve Cowan, Dynamac START PjM.  To. Johnnie Bowers, Air Permit 
Administration, TCEQ.  January 22, 2008.  Total Pages: 1 

63. Letter.  Canyon Lake Ready Mix Inc., TCEQ Standard Permit Registration No. 78844.  
From. Ladonna Castanuela, Chief Clerk, TCEQ. To. Persons on Attached Mailing List.  
May 20, 2007.Attachments.  Accessed from TCEQ website on January 14, 2008. Total 
Pages: 16. 

64. Texas Administrative Code (TAC). 30 TAC § 101.4.  Accessed from 
http://info.sos.state.tx.us/pls/pub on January 28, 2008.  Total Pages: 2.  

65.  Texas Administrative Code (TAC). 30 TAC § 116.10(6).  Accessed from 
http://info.sos.state.tx.us/pls/pub on January 28, 2008.  Total Pages: 5.  
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TABLES



Leo Miller Road Site
CERCLIS No. TXN000606818

Preliminary Assessemnt Report
TDD NO. TO-009-07-08-01

MCLs 
(ug/L)

SDWSs 
(ug/L)

MW-01 / 
RML 1 
(ug/L)

MW-03R / 
RML 2 
(ug/L)

MW-04 / 
RML 2 
(ug/L)

MW-05 / 
RML 2 
(ug/L)

MW-06R / 
RML 1 
(ug/L)

MW-07 / 
RML 1 
(ug/L)

MW-08 / 
RML 1 
(ug/L)

MW-09 / 
RML 1 
(ug/L)

MW-10 / 
RML 1 
(ug/L)

MW-11 / 
RML 1 
(ug/L)

DB-
5/RML 1 

& 2 
(ug/L)

Aluminum NA 200.0 160.0 < 50.0 45.0 J < 50.0 < 50.0 < 50.0 < 50.0 < 50.0 < 50.0 < 50.0 < 50.0 
Arsenic 10.0 NA 4.8 J 5.0 11.0 4.2 J 1.6 J 5.9 1.5 J 4.2 J 1.9 J 2.8 J 1.7
Barium 2,000.0 NA 350.0 22.0 J 38.0 J 32.0 JB 20.0 J 55.0 19.0 JB 52.0 B 18.0 JB 31.0 J 49.0 J
Boron NA NA 0.97 9.5 12.0 5.6 15.0 7.7 9.4 4.3 0.13 6.9 8.2
Cadmium 5.0 NA < 5.0 < 5.0 < 5.0 < 5.0 < 5.0 < 5.0 < 5.0 < 5.0 < 5.0 < 5.0 < 5.0 
Chromium 
(total) 110.0 NA < 20.0 < 20.0 < 20.0 < 20.0 < 20.0 < 20.0 < 20.0 < 20.0 < 20.0 < 20.0 < 20.0 
Copper 1300.0 1,000.0 < 20.0 < 20.0 < 20.0 < 20.0 < 20.0 < 20.0 < 20.0 7.3 J 6.3 J 14.0 J < 20.0 
Manganese NA 50.0 1,800.0 540.0 2,000.0 560.0 47.0 1,700.0 99.0 65.0 710.0 150.0 1,100.0
Nickel NA NA 10.0 4.2 5.3 8.7 4.0 J 1.5 J 7.1 J 16.0 10.0 9.6 J 12.0
Vanadium NA NA 9.5 B 21.0 B 3.4 JB 5.1 B 9.6 B 3.1JB 4.7JB 20.0 B 7.5 B 24.0 B 2.8 J B

MW - Monitor Well
MCL - Maximum Contaminant Level
RML - Red Mud Lagoon
SDWS - Secondary Drinking Water Standard
ug/L - micrograms per Liter
< - Less than
Highlight - Result detected in a concentration that exceeded the corresponding MCL (Ref. 18, p. 3 and Ref. 59, p. 1)
Highlight - Resultdetected in a concentration that exceeded the corresponding SDWS (Ref. 18, p. 3 and Ref. 59, p. 6)

B - Compound was detected in the laboratory blank and sample 
J - Result is less than the RL, but greater than or equal to the Method Dection Limit (MDL).  The concentration is an approximate value.

Data Qualifiers

Well Number/ Red Mud Lagoon Number

Groundwater Analytical Results for Red Mud Lagoons 1 and 2

TABLE 1

Parameter

KEY

Dynamac Corporation, START January 30. 2008



Leo Miller Road Site
CERCLIS No. TXN000606818

Preliminary Assessemnt Report
TDD NO. TO-009-07-08-01

MCLs 
(ug/L)

SDWSs 
(ug/L)

MW-3-1 
(ug/L)

MW-3-2 
(ug/L)

MW-3-3 
(ug/L)

MW-3-4 
(ug/L)

MW-3-5 
(ug/L)

MW-3-6 
(ug/L)

MW-3-7 
(ug/L)

Aluminum NA 200.0 < 50.0 < 50.0 < 50.0 < 50.0 < 50.0 < 50.0 < 50.0
Arsenic 10.0 NA 1.4 J 2.1 J 2.8 J 2.1 J 2.0 J 2.1 J 2.3 J
Barium 2,000.0 NA 23.0 J 28.0 J 25.0 J 32.0 24.0 J 30.0 27.0 J
Boron NA NA 12.0 13 .0 11.0 10.0 13.0 13.0 10.0
Cadmium 5.0 NA < 5.0 < 5.0 < 5.0 < 5.0 < 5.0 < 5.0 < 50.0
Chromium 
(total) 110.0 NA < 20.0 < 20.0 < 20.0 < 20.0 < 20.0 < 20.0 < 20.0
Copper 1300.0 1,000.0 < 20.0 < 20.0 < 20.0 < 20.0 < 20.0 < 20.0 < 20.0
Manganese NA 50.0 710.0 92.0 990.0 3,100.0 60 890.0 240.0
Nickel NA NA 4.0 J 1.6 J 3.9 J 5.1 J 1.4 ug/L J 3.1 J 2.4 J
Vanadium NA NA 3.6 JB 5.4 B 3.5 JB 4.0 JB 5.1 ug/L B 3.6 JB 7.4 B

KEY
MW - Monitor Well
MCLs - Maximum Contaminant Levels
SDWSs - Secondary Drinking Water Standards
ug/L - micrograms per Liter
< - Less than
Highlight - Result detected in a concentration exceeding the SDWS (Ref. 18, p. 4 and Ref. 59, p. 6)

Data Qualifiers
B - Compound was detected in the laboratory blank and sample 
J - Result is less than the RL, but > or equal to the Method Dection Limit (MDL).  The concentration is an approximate value.

 

Groundwater Analytical Results for Red Mud Lagoon 3

TABLE 2

Parameter

Well Number

Dynamac Corporation, START January 30, 2008



Leo Miller Road Site
CERCLIS No. TXN000606818

Preliminary Assessemnt Report
TDD NO. TO-009-07-08-01

MCLs 
(ug/L)

SDWSs 
(ug/L)

MW-4-1 
(ug/L)

MW-4-2 
(ug/L)

MW-4-2A 
(ug/L)

MW-4-3 
(ug/L)

MW-4-4 
(ug/L)

MW-4-7 
(ug/L)

MW-4-7A 
(ug/L)

Aluminum NA 200.0 < 50.0 < 50.0 < 50.0 < 50.0 < 50.0 27.0 J < 50.0
Arsenic 10.0 NA 3.4 J 15.0 2.8 J 1.6 J 1.6 J 1.5  J 2.4 J
Barium 2,000.0 NA 24.0 J 74.0 37.0 26.0 J 23.0 J 29.0 J 41.0
Boron NA NA 7.4 10.0 7.4 9.6 11.0 9.9 11.0
Cadmium 5.0 NA < 5.0 < 5.0 < 5.0 < 5.0 < 5.0 < 5.0 < 50.0
Chromium 
(total) 110.0 NA < 20.0 < 20.0 < 20.0 < 20.0 < 20.0 < 20.0 < 20.0
Copper 1300.0 1,000.0 < 20.0 < 20.0 < 20.0 < 20.0 < 20.0 < 20.0 < 20.0
Manganese NA 50.0 1,500.0 3,900.0 500.0 13.0 29.0 370.0 1,200.0
Nickel NA NA 5.1 J 7.3 J 9.2 J 1.5 J 1.9 J 2.1 J 3.9 J
Vanadium NA NA 5.3 B 2.7 JB 10.0 B 3.9 JB 4.2 JB 3.3 JB 6.4 B

MW - Monitor Well
MCLs - Maximum Contaminant List
RML - Red Mud Lagoon
SDWS - Secondary Drinking Water Standard
ug/L - micrograms per Liter
< - Less than
Highlight - Result detected in a concentration exceeding the corresponding MCL (Ref. 18, p. 5 and Ref. 59, p. 1)
Highlight - Result detected in a concentration exceeding the corresponding SWDS (Ref. 18, p. 5 and Ref. 59, p. 1)

Data Qualifiers
B - Compound was detected in the laboratory blank and sample 
J - Result is less than the RL, but > or equal to the Method Dection Limit (MDL).  The concentration is an approximate value.

TABLE 3

Groundwater Analytical Results for Red Mud Lagoon 4

Parameter

Well Number

KEY

Dynamac Corporation, START January 30, 2008



Leo Miller Road Site
CERCLIS No. TXN000606818

Preliminary Assessemnt Report
TDD NO. TO-009-07-08-01

Taxon Common Name Scientific Name County Federal 
Status

State Status

Amphibians Sheep Frog            (Ref’s. 45 
& 47)

Hypopachus variolosus A and SP NA T

Black-spotted newt 
(Ref’s. 45, 48 & 49)
South Texas Siren

(Ref. 45)
Piping Plover

(Ref’s. 45 & 46)
Reddish Egret

(Ref’s. 45 and 50)
Whooping Crane
(Ref’s. 45 and 46)

Wood Stork
(Ref’s. 45 & 51)

Birds Eskimo curlew  (Ref’s. 45 & 
46)

Numenius borealis A and SP LE E

White-faced Ibis
(Ref’s. 45 & 52)

Ocelot
 (Ref. 45 and Ref. 46)

White-nosed coati
(Ref. 45)

Louisiana black bear
(Ref’s. 45 and 53)

A – Aransas County;
NA – Not applicable;
E – State Listed Endangered;
LE – Federally Listed endangered; 
SP – San Patricio County;
T – State Listed Threatened;
LT – Federally Listed Threatened

TABLE 4

LIST OF POTENTIAL ENDANGERED OR 
THREATENED SPECIES WITHIN THE 15-MILE DOWNSTREAM TDL

KEY:

T

Mammals Ursus americanus luteolus A LT T

Mammals Nasus narica A and SP NA

T

EMammals Leopardus pardalis A and SP LE

Birds Plegadis chihi A and SP NA

E

Birds Mycteria Americana A and SP NA T

Birds Grus americanus A and SP LE

T

Birds Egretta rufescens A and SP NA T

Birds Charadrius melodus A and SP LT

T

Amphibians Siren sp1 SP NA T

Amphibians Notophthalmus meridionalis A and SP NA

Dynamac Corporation, START January 30, 2008



Leo Miller Road Site
CERCLIS No. TXN000606818

Preliminary Assessemnt Report
TDD NO. TO-009-07-08-01

Taxon Common Name Scientific Name County Federal Status State Status

White tailed hawk 
(Ref. 45)
Red wolf
(Ref. 45)
Ocelot

(Ref. 45)
White-nosed coati

(Ref. 45)
Louisiana black bear

(Ref’s. 45 and 53)

A – Aransas County;
NA – Not applicable;
E – State Listed Endangered;
LE – Federally Listed endangered; 
SP – San Patricio County;
T – State Listed Threatened;
LT – Federally Listed Threatened

 

KEY:

T

LIST OF POTENTIAL TERRESTRIAL ENDANGERED OR THREATENED SPECIES IN ARANSAS AND SAN PATRICIO COUNTIES

TABLE 5

Mammals Ursus americanus luteoius A LT

E

Mammals Nasus narica A and SP NA T

Mammals Leopardus pardalis A and SP LE

T

Mammals Canis rufus A and SP LE E

Birds Buteo albicaudatus A and SP NA

Dynamac Corporation, START January 30, 2008



 

 

APPENDIX A 

Copy of TDD No. TO-0009-07-08-01



 
EPA 
U.S. EPA 
Washington, DC 20460 

START3 
Technical Direction Document 

 
Assessment / Inspection Activities 

- CERCLA Funded (0009) 
Dynamac Corporation 

TDD #: TO-0009-07-08-01
Contract: EP-W-06-077

 
! = required field     

    
TDD Name: Leo Miller Road ! Period: Base Period 
! Purpose: Work Assignment Initiation  
! Priority: High ! Start Date: 09/03/2007 
Overtime: Yes ! Completion Date: 12/23/2007 

! Funding Category: Removal Support Invoice Unit:  

   
! Project/Site Name: Leo Miller Road  

Project Address: Leo Miller Rd & CR 96 Activity: Preliminary Assessment (PA) 
County: San Patricio Work Area Code:  

City, State: Taft, Texas Activity Code: PA 
Zip: 78390 EMERGENCY 

CODE:
 

! SSID: A6B8  FPN:  

CERCLIS: TXN000606818 Performance Based: No 
Operable Unit:   

 
Authorized TDD Ceiling: Cost/Fee LOE (Hours)

Previous Action(s): $0.00 0.0
This Action: $15,000.00 0.0

New Total: $15,000.00 0.0
 

Specific Elements Contact PO to add elements 
 
Description of Work: 
The contractor shall conduct a file review of EPA files (RCRA and CERCLA) that relate to Sherwin, LP 
(Reynolds Metals Sherwin Plant in Gregory, Texas).  Point of contact  is Jon Rinehart WAM 214-665-
6789.  After the review, START shall conduct a site visit to residential neighborhood on Leo Miller Road  
adjacent to the  red mud drying beds (Sherwin LP)  to conduct the field work for the Preliminary 
Assessment.  The contractor shall utilize EPA Guidance EPA/540/G-91/013 "Guidance for Performing 
Preliminary Assessments Under CERCLA".  START shall contact Jon Rinehart upon receipt of the TDD. 

 
    SFO:  22 

Line DCN 
 

IFMS Budget 
/ FY 

Approp. 
Code 

Budget Org
Code 

Program 
Element 

Object 
Class 

Site Project 
 

Cost Org 
Code 

Amount

1 PLC022 AAV 07 T 6A00P 302DD2C 2505 A6B8PA00 C001 $15,000.00
 
FFuunnddiinngg  SSuummmmaarryy::  FFuunnddiinngg  Funding Category 

Previous: $0.00 Removal Support 
This Action: $15,000.00  

Total: $15,000.00  
 
 
 
Current Role: Contractor 
 Section 

 
: Jon Rinehart Date: 08/23/2007 



 

 

APPENDIX B 

Photo-documentation 



S T A R T  

 
 

Logbook Photo # 001 
US EPA ID / 
Task Order Number TXN000606818 / TO-0009-07-08-01 

Site Leo Miller Road 
Location Address Not applicable 
City, State, ZIP code Gregory, TX 
County San Patricio 
Direction/Orientation Northwest 
Date  10/09/07 
Time  0953 hrs 
Photographer Steve Cowan 
Witness Raul Rodriguez 
Description: View of red dust in window sill of residence located at 109 Polk, Gregory, Texas. 
 
 
 
 
 



S T A R T  

 
 

Logbook Photo # 002 
US EPA ID / 
Task Order Number TXN000606818 / TO-0009-07-08-01 

Site Leo Miller Road 
Location Address Not applicable 
City, State, ZIP code Gregory, TX 
County San Patricio 
Direction/Orientation Downward 
Date  10/9/07 
Time  0956 hrs 
Photographer Steve Cowan 
Witness Raul Rodriguez 
Description: View of red dust on American flag at 09 Polk, Gregory, Texas 
 
 
 
 
 

 



S T A R T  

 
 

Logbook Photo # 003 
US EPA ID / 
Task Order Number TXN000606818 / TO-0009-07-08-01 

Site Leo Miller Road 
Location Address Not applicable 
City, State, ZIP code Taft, TX 
County Aransas 
Direction/Orientation West 
Date  10/9/07 
Time  1047 hrs 
Photographer Steve Cowan 
Witness Raul Rodriguez 
Description: View of water well located at Salinas residence on Leo Miller Road. 
 
 
 
 

 



S T A R T  

 
 

Logbook Photo # 004 
US EPA ID / 
Task Order Number TXN000606818 / TO-0009-07-08-01 

Site Leo Miller Road 
Location Address Not applicable 
City, State, ZIP code Taft, TX 
County Aransas 
Direction/Orientation Inside Residence 
Date  10/9/07 
Time  1104 hrs 
Photographer Raul Rodriguez 
Witness Steve Cowan 
Description: View of red dust on plastic cover at the Salinas residence. 
 
 
 
 

 



S T A R T  

 
 

Logbook Photo # 005 
US EPA ID / 
Task Order Number TXN000606818 / TO-0009-07-08-01 

Site Leo Miller Road 
Location Address Not applicable 
City, State, ZIP code Taft, TX 
County Aransas 
Direction/Orientation Inside Residence 
Date  10/9/07 
Time  1104 hrs 
Photographer Raul Rodriguez 
Witness Steve Cowan 
Description:  Additional view of red dust on plastic cover at the Salinas residence. 
 
 
 
 
 

 



S T A R T  

 
 

Logbook Photo # 006 
US EPA ID / 
Task Order Number TXN000606818 / TO-0009-07-08-01 

Site Leo Miller Road 
Location Address Not applicable 
City, State, ZIP code Taft, TX 
County Aransas 
Direction/Orientation Inside Residence 
Date  10/9/07 
Time  1104 hrs 
Photographer Raul Rodriguez 
Witness Steve Cowan 
Description: View of red dust on child’s sock at the Salinas residence. 
 
 
 
 

 



S T A R T  

 
 

Logbook Photo # 007 
US EPA ID / 
Task Order Number TXN000606818 / TO-0009-07-08-01 

Site Leo Miller Road 
Location Address Not applicable 
City, State, ZIP code Taft, TX 
County Aransas 
Direction/Orientation East 
Date  10/9/07 
Time  1146 hours 
Photographer Steve Cowan 
Witness Raul Rodriguez 
Description: View of red dust on inside window sill of second floor room in the Salinas residence. 
 
 
 
 
 

 



S T A R T  

 
 

Logbook Photo # 008 
US EPA ID / 
Task Order Number TXN000606818 / TO-0009-07-08-01 

Site Leo Miller Road 
Location Address Not applicable 
City, State, ZIP code Taft, TX 
County San Patricio 
Direction/Orientation West 
Date  10/9/07 
Time  1531 
Photographer Steve Cowan 
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NOTICE 

The procedures set forth in this document are intended as 
guidance to employees of the U.S. Environmental Protection 
Agency (EPA), States, and other government agencies. EPA 
officials may decide to follow the guidance provided in this 
directive, or to act at variance with it, based on analysis of 
specific site circumstances. EPA also reserves the right to 
modify this guidance at any time without public notice. 

These guidelines do not constitute EPA rulemaking and cannot 
be relied upon to create any rights enforceable by any party in 
litigation with the United States. 

Mention of company or product names in this document should 
not be considered as an endorsement by EPA. 
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Hazard Ranking System

AGENCY: Environmental Protection
Agency.
ACTION: Final rule.

SUMMARY: The Environmental Protection
Agency (EPA) is adopting revisions to
the Hazard Ranking System (HRS), the
principal mechanism forplacing sites on
the National Priorities List (NPL). The
revisions change the way EPA evaluates
potential threats to human health and
the environment from hazardous waste
sites and make the HRS more accurate

. in assessing relative potential risk.
These revisions comply with other
statutory requirements in the Superfund
Amendments and Reauthorization Act
of 1986 (SARA).
DATES: Effective date March 14,1991. As
discussed in Section Ill H of this
preamble, comments are invited on the
addition of specific benchmarks in the
air and soil exposure pathways until
January 14,1991.
ADDRESSES: Documents related to this
rulemaking are available at and
comments on the specific benchmarks in

. the air and soil exposure pathways may
be mailed to the CERCLADocket Office,
08-245, U.S. Environmental Protection
Agency, Waterside Mall, 401M Street,
SW. Washington, DC 20460. phone 202
382-3046.Please send four copies of
comments. The docket is available for
viewing by appointment only from 9:00
am to 4:00pm, Monday through Friday,
excluding Federal holidays. The docket
number is 105NCP-HRS.
FOR FURTHER INFORMATION CONTACT:
Steve Caldwell or Agnes Ortiz.
Hazardous Site Evaluation Division.
Office of Emergency and Remedial
Response, 08-230. U.S. Environmental
Protection Agency, 401M Street, SW,
Washington, DC 20460, or the Superfund
Hotline at 800-424-9346(in the
Washington. DC area. 202-382-3000).
SUPPLEMENTARY INFORMATION:

Table of Contents
I. Background
n. Overview of the Final Rule
III. Discussion of Comments

A. Simplification
B. HRS Structure Issues
C. Hazardous Waste Quantity
D. Toxicity
E. Radionuclides
F. Mobility /Persistence

G. Observed Release
H. Benchmarks
I. Use Factors
J. Sensitive Environments
K. Use of Available Data
L. Ground Water Migration Pathway
M. Surface Water Migration Pathway
N. Soil Exposure Pathway
O. Air Migration Pathway
P. Large Volume Wastes
Q. Consideration of Removal Actions

(Current Versus Initial Conditions)
R. Cutoff Score

IV. Section-by-Section Analysis of the Rule
Changes'

V. Required Analyses
A. Executive Order No. 12291
B. Regulatory Flexibility Analysis
C. Paperwork Reduction Act
D. Federalism Implications

I. Background
In 1980,Congress enacted the

Comprehensive Environmental
Response. Compensation, and Liability
Act (CERCLA)(42 U.S.C.9601 et seq.),
commonly called the Superfund, in
response to the dangers posed by
uncontrolled releases of.hazardous
substances. contaminants. and
pollutants. To implement section
105(8)(A) of CERCLAand Executive
Order 12316(46FR 42237, August 20.
1981), the U.S. Environmental Protection
Agency (EPA) revised the National Oil
and Hazardous Substances Pollution
Contingency Plan (NCP),40 CFR part
300.on July 16. 1982 (47FR 31180), with
later revisions on September 16. 1985 (50
FR 37624), November 20.1985 (50FR
47912). and March 8. 1990 (55 FR·,8666).
The NCP sets forth guidelines and
procedures for responding to .releases or
potential release of hazardous
substances. pollutants, or contaminants.

Section 105(8)(A) of CERCLA(now
section 105(a)(8)(A» requires EPA to
establish:

Criteria for determining priorities among
releases or threatened releases [of hazardous
substances] throughout the United States for
the purpose of taking remedial action and. to
the extent practicable taking into account the
potential urgency of such action. for the
purpose of taking removal action. Criteria
and priorities " • • shall be based upon the
relative risk or danger to public health or
welfare or the envtronment " • • taking into
account to the extent possible the population
at risk. the hazard potential of the hazardous
substances at such facilities. the potential for
contamination of drinking water supplies. the
potential for direct human contact. [and] the
potential for destruction of sensitive
ecosystems " • •.

To meet this requirement and help set
priorities. EPA adopted the Hazard
Ranking System (HRS) as appendix A to
the NCP (47FR 31180, July 16,1982). The
HRS is a scoring system used to assess
the relative threat associated with '
actual or potential releases of hazardous

substances at sites. The HRS is the
primary way of determining whether a
site is to be included on the National
Priorities List (NPL), the Agency's list of
sites that are priorities for long-term
evaluation and remedial response, and
is a crucial part of the Agency's program
to address the identification of actual
and potential releases. (Each State can
nominate one site to the NPL as a State
top priority regardless of its HRS score;
sites may also be added in response to a
health advisory from the Agency for
Toxic Substances and Disease Registry
(see NCP, 40 CFR 300.425(c)(3)).) Under
the original HRS. a score was
determined for a site by evaluating three
migration pathways-ground water,
surface water. and air. Direct contact
and fire and explosion threats were also
evaluated to determine the need for
emergency actions. but did not enter
into the decision on whether to place a
site on the NPL.

In 1986.Congress enacted the
Superfund Amendments and
Reauthorization Act of 1986 (SARA)
(Pub. L. 99-499). which added section
105(c)(1) to CERCLA, requiring EPA to
amend the HRS to assure "to the
maximum extent feasible,.that the
hazard ranking system accurately
assesses the relative degree of risk to
human health and the environment
posed by sites and facilities subject to
review." Congress. in its Conference
Report on SARA, stated the substantive
standard against which HRS revisions
could be assessed:

This standard is to be applied within the
context of the purpose for the National
Priorities List; I.e.•identifying for the States
and the public those facilities and sites which
appear to warrant remedial ections." • •
This standard does not. however. require the
Hazard Ranking System to be equivalent to
detailed risk assessments. quantitative or
qualitative. such-as might be performed as
part of remedial actions. The standard
requires the Hazard Ranking System to rank
sites as accurately as the Agency believes is
feasible using information from preliminary
assessments and site inspections " • •
Meeting this standard does not require lang
term monitoring or an accurate determination
of the fullnature and extent of contamination
at sites or the projected levels of exposure
such as might be done during remedial
investigations and feasibility studies. This
provision is intended to ensure that the
Hazard Ranking System performs with a
degree of accuracy appropriate to its role in
expeditiously identifying candidates for
response actions. [H.R. Rep. No. 962,99th
Cong.•2nd Sess. at 199-200 [1986]]

Section 105(c)(2) further specifies that
the HRS appropriately assess the 'human
health risks associated with actual or
potential contamination of surface
waters used for recreation or drinking
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water and that this assessment should
take into account the potential migration
of any hazardous substance through .
surface water to downstream sources of
drinking water.

SARA added two criteria.for
evaluating sites wider section
105{a){8)(A}: Actual or potential
contamination of the ambient air and
threats through the human food chaine-In
addition; CERCLA section 118, added by
SARA, requires EPA to give a high
priority to facilities where the release of
hazardous substances has resulted in
the closing of drinking water wells or
has contaminated a principal drinking
water supply. Finally. CERCLA section
125. added by SARA. requires revisions
to the HRS to address facilities that
contain substantial volumes of wastes
specified in section 3001(b)(3)(A)(i) of
the Solid Waste Disposal Act.
commonly referred to as the Resource
Conservation and Recovery Act
(RCRA). These wastes include fly ash
wastes. bottom ash wastes. slag wastes.
and flue gas emission control wastes
generated primarily from the
combustion of coal or other fossil fuels.
Specifically. section 125 requires EPA to
revise the HRS to assure the appropriate
consideration of each of the following
site-specific characteristics of such
facilities: _

• The quantity, toxicity. and
concentrations of hazardous
constituents that are present in such
waste and a comparison with other
wastes; .

• The extent of. and potential for.
release of such hazardous constituents
into the environment; and

• The degree of risk to human health
and the environment posed by such
constituents.

EPA published an advance notice of
proposed rulemaking (ANPRM) on April
9. 1987 (52 FR 11513). announcing its
intention to revise the HRS and 
requesting comments on a number of
issues. After a comprehensive review of
the original HRS, including
consideration of alternative models and
icience Advisory Board review. EPA
published a notice of proposed
rulemaking (NPRM) fer HRS revisions
on December 23. 1988 (53 FR 51962). The
l'l"PRM: contains a detailed preamble.
which should be consulted for a more
extensive discussion of CERCL.~ SARA.
the HRS. and the proposed changes to .
the HRS.

Today, EPA is publishing the revised
.HRS. which will supersede the HRS
previously in effect as appendix A to the
NCP~ CERCLA section 105(c)(1}states
that the revised HRS shall.be applied to
any site newly listed on the.Nl'L after its
effective date: as specified in section

105(c}(3). sites scored with the original
HRS prior to that effective date need not
be reevaluated.

The HRS is a scoring system based. on
factors grouped into three factor
categories. The factor categories are
multiplied and then normalized to 100
points to obtain a pathway score (e.g.•
the ground water migration pathway
score). The final HRS score is obtained
by combining the pathway scores using
a root-mean-square method. The
proposed HRS revised every factor to
some extent. A few factors were
replaced. and several new factors were
added. The major proposed changes
included:
. (1) Consideration of potential as well

as actual releases to air,
(2) Addition of mobility factors;
(3) Addition of dilution and distance

weightings for the water migration
pathways and modification of distance
weighting in the air migration pathway;

(4) Revisions to the toxicity factor,
(5) Additions to the list of covered

sensitive environments;
(6) Addition of human food chain and

recreation threats to the surface water
migration pathway;

(7) Revision of the hazardous waste
quantity factor to allow a tiered
approach;

(8) Addition of health-based
benchmarks for evaluating population
factors and ecological-based
benchmarks for evaluating sensitive
environments-

(9) Addition of factors for evaluating
the maximally exposed individual; and

(10) Inclusion of a new onsite
exposure pathway.

EPA conducted a field test of the
proposed HRS to assess the feasibility
of implementing the proposed HRS
factors. to determine resources required
for specific tasks. to assess the
availability of information needed for
evaluation of sites. and to identify
difficulties with the use of the proposed

. revisions. To meet the objectives. site
inspections were performed at 29 sites
nationwide. The 'sites were selected
either because work was already
planned at the site or because the sites
had specific features EPA wanted to test
using the proposed revisions to the HRS.
The major results of the field test were
summarized on September 14. 1989 (54
FR 37949)•when the field test report was
made available for public review and
comment,

II. Overview of the Final Rule

The rule being promulgated today
incorporates substantial changes to
revisions proposed in December 1988.
EPA has changed the rule for three
reasons: 11} To respond to the general

comment submitted by many
commenters that the factor categories
and pathways need to be consistent
with each other; (2) to respond to
specific recommendations made by .
commenters; and (3) to respond to
problems identified during the field test
and discussed in the field test report.
Major changes affecting multiple
pathways include:

• Multiplication of hazardous waste
quantity factor, toxicity. and other
waste characteristics factors;

• Uncapping of population factors
(i.e.• no limit is placed on maximum
value);

• Revised criteria for establishing an
observed release:

• Capping of potential tQrelease at a
valueless than observed release;

• Revision of the toxicity evaluation
to select carcinogenic and non-cancer
chronic values in preference to acute
toxicity values;

• Elimination of Level III
concentrations and extension of
weighting based on levels of exposure to
nearest individual (well/intake; formerly
maximally exposed individual) factors;

• Modification of the weights
assigned to Level I and Level II
concentrations;

• Revisions to the benchmarks used
and methods for determining
exceedance of benchmarks;

• Use of ranges to assign values for
potentially exposed populations;

• Inclusion of factors assessing .
exposures of the nearest individual in

,all pathways;
• Revisions to distance and dilution

weights-in all pathways except ground
water migration; . .

• Replacement of the use factors with
less heavily weighted resources factors;

• Evaluation of wetlands based on
size or surface water frontage; and

• Specific instructions for the
evaluation of radionuclides at
radioactive waste sites and sites with
radioactive and other hazardous
substances wastes.

The major changes in the ground
water migration pathway include:

• Replacement of depth to aquiferI
hydraulic conductivity and sorptive
capacity factors with travel time and

,depth to aquifer factors; and
• Revision of the mobility factor.

including consideration of distribution
coefficients.

In the surface water migration
pathways. the major changes include:

• Elimination of the separate
recreational use threat:

• .Addition of a ground water to
surface water component;
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• Incorporation 0.£ bioaccUmulation
into the waste characteristics factor
category rather than the targets factor
category for the human food chain '
threat: .

• Revision to allow use of additional
tissue samples in establishing Level I
concentrations for the human food Chain
threat; and

• Addition of ecosystem
bioaccumulation potentialfactor for
sensitive environments. .

The major changes in the soil
expcsurepathwey (fonnerly the onsite
exposure pathway) include:

• Elimination of separate
consideration of the high risk,
population:.

• Inclusion of hazardous waste
quantity in the waste characteristics
factor category:

• Consideration of workers in the
resident threat's targets factor category;
and

• Revisions to scoring of terrestrial
sensitive environments.

The major changes in the air
migration pathway include: ..
.• Separate evaluation of gas and

particulate potential to release: and
• Consideration of actual

contamination in evaluating sensitive
environments.

Figures 1 to 4 show the differences
between the pathways in the original
HRS and in the final rule.
BILLING CODE 1560-.-.
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, . Figure 1

Ground Water Migration Pathway
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Surface Water Migration Pathway
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Figure 3

Soil Exposure Pathway 1.
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Figure 4

Air Migration Pathway
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NOTICE 

The procedures set forth in this document are intended as guidance to employees of the U.S. 
Environmental Protection Agency (EPA), States, and other government agencies. EPA officials may 
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5.2.1 Likelihood of exposure . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9.1 

5.2.1.1 Attractiveness/accessibility . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9.8 

5.2.1.2 Area of contamination . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9.2, 9.8 

5.2.2.1 Toxicity . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9.2 

5.2.3 Targets . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9.8 

6.1 Likelihood of release . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10.1 
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HRS Rule HRSGM 
Section HRS Rule Section Title Section(s) 

6.1.1 Observed release . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5.1, 5.2, 5.3 
10.1 

6.1.2 Potential to release . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10.2 

6.1.2.1 Gas potential to release . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10.2 

6.1.2.2 Particulate potential to release . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10.2 

6.1.2.3 Calculation of potential to release factor value for the site . . . . . . . . . . . . . . . . . .  . 10.2 

Targets . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10.3, 10.4, 10.5 

6.3.1 Nearest individual . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10.3 

6.3.2 Population . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10.3 

6.3.2.1 Level of contamination . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  10.3 

6.3.2.2 Level I concentrations . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10.3 

6.3.2.3 Level II concentrations . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10.3 

6.3.3 Resources . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10.4 

6.3.4 Sensitive environments . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10.5 

6.3.4.1 Actual contamination . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10.5 

6.3.4.2 Potential contamination . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10.5 

6.3.4.3 Calculation of sensitive environments factor value . . . . . . . . . . . . . . . . . . . . . . . . . 10.5 
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ACRONYMS


AALAC ambient aquatic life advisory concentration

AOC area of observed contamination

AWQC ambient water quality criteria

BCF bioconcentration factor

BIA Bureau of Indian Affairs

BLM Bureau of Land Management

BPF bioaccumulation potential factor

BPFV bioaccumulation potential factor value

BTAG Biological Technical Assistance Group

CERCLA Comprehensive Environmental Response, Compensation, and Liability Act

CERCLIS Comprehensive Environmental Response, Compensation, and Liability Information


System 
CERI Center for Environmental Research Information 
CFR Code of Federal Regulations 
CLP Contract Laboratory Program 
CRDL contract-required detection limit 
CRQL contract-required quantitation limit 
DDD dichloro-diphenyl-dichloro-ethane 
DDE dichloro-diphenyl-ethane 
DDT dichloro-diphenyl-trichloro-ethane 
DL detection limit 
DNAPL dense non-aqueous phase liquid 
DOE Department of Energy 
DOT Department of Transportation 
EIS environmental impact statement 
EP Extraction Procedure 
EPA Environmental Protection Agency 
ES sensitive environment 
FDAAL Food and Drug Administration advisory level 
FRDS Federal Reporting Data System 
FWRS Fish and Wildlife Reference Service 
GIS Geographic Information System 
GW ground water 
HFC human food chain 
HRS Hazard Ranking System 
HRSGM Hazard Ranking System Guidance Manual 
HWQ hazardous waste quantity 
IAG interagency agreement 
IDL instrument detection limit 
LNAPL light non-aqueous phase liquid 
LR likelihood of release 
MCL maximum contaminant level 
MCLG maximum contaminant level goal 
MDL method detection limit 
MMS Minerals Management Service 
NAAQS National Ambient Air Quality Standard 
NAWDEX National Water Data Exchange 
NCP National Contingency Plan 
NESHAP National Emission Standard for Hazardous Air Pollutants 
NMFS National Marine Fisheries Service 
NOAA National Oceanic and Atmospheric Administration 
NPDES National Pollution Discharge Elimination System 
NPL National Priorities List 

xxxi Acronyms 
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NPS National Park Service

NRC Nuclear Regulatory Commission

NSFF National Sport Fishing Federation

NWI National Wetlands Inventory

OSM Office of Surface Mining

OSWER Office of Solid Waste and Emergency Response

OVA organic vapor analyzer

OWRS Office of Water Regulations and Standards

PA preliminary assessment

PCB polychlorinated biphenyls

PPE probable point of entry

PRP potentially responsible party

QA quality assurance

QC quality control

RCRA Resource Conservation and Recovery Act

RI/FS remedial investigation/feasibility study 

RREL Risk Reduction Engineering Laboratory

SACM Superfund Accelerated Cleanup Model

SARA Superfund Amendments and Reauthorization Act

SAV submerged aquatic vegetation

SC screening concentration

SCDM Superfund Chemical Data Matrix 

SCS Soil Conservation Service

SDWA Safe Drinking Water Act

SF slope factor

SI site inspection

SQL sample quantitation limit

SW surface water

SWDA Solid Waste Disposal Act

TCLP Toxicity Characteristic Leaching Procedure

TDL target distance limit

TSCA Toxic Substances Control Act

TSDF treatment, storage, or disposal facility

USC U.S. Code

USDA U.S. Department of Agriculture

USFS U.S. Forest Service 

USFWS U.S. Fish and Wildlife Service

USGS U.S. Geological Survey

UV ultraviolet

WC waste characteristics

WPA wellhead protection area


Acronymns xxxii 
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MEMORANDUM 
 
To: Leo Miller Road Site File 
 Taft, Aransas/San Patricio Counties, Texas 
 TXN000606818 
 
From: Steve Cowan, Dynamac START-3 PjM 
 
Date: November 1, 2007 
 
Subj: Summary of Logbook Notes 
 
 
The following is a list of U.S. Geological Survey (USGS) 7.5 minute series topographic 
maps used to complete Figures 1 – 5 of the Leo Miller Road site Preliminary Assessment. 
 
Object ID USGS 

QD_ID 
QUAD_NAME MAP_EDIT ST_NAME 

1 
STATE_REV DTE_PUB 

9835 28097-B4 Cranell 4 Texas  1979 
9836 28097-B3 Woodsboro 4 Texas  1979 
9837 28097-B2 Mission Bay 4 Texas  1980 
9838 28098-B1 Lamar 4 Texas  1979 
9844 28097-A4 Sinton East 4 Texas  1979 
9845 28097-A3 Rincon Bend 4 Texas  1979 
9846 28097-A2 Bayside 4 Texas  1979 
9847 28097-A1 Rockport 4 Texas  1979 
9851 27097-H4 Taft 1 Texas 1975 1977 
9852 27907-H3 Gregory 1 Texas 1975 1977 
9853 27097-H2 Aransas Pass 1 Texas 1975 1977 
9854 27097-H1 Estes 1 Texas  1973 
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STOP Request
The community group, South Texans Opposing Pollution (STOP) of Taft, Texas requested the
South and Southwest Technical Outreach Services for Community Program (TOSC) create a
document outlining environmental concerns of the Sherwin Alumina Gregory, Texas facility.
Specifically TOSC was asked to provide the Community with a report which outlines the
environmental concerns and potential health issues.

TOSC is aware that a determination was made by the US EPA in 1990 that red and brownmuds
from bauxite refining be excluded from RCRA regulation under a "Report to Congress OD

Special Wastes from Mineral Processing: Summary and Findings: Methods and Analysis;
Appendices" written in July of 1990 (EPAS30-SW-90-070C). The STOP community group has

'" expressed concern with EPA Region 6 and Texas Commission of~vironmentalQuality
~y.r.- (TCEQ) for several .years and hoped that TOSC could answer·,~ome:of~eirconcerns through
~ this review. TOSC reviewed two documents, a TCEQ Ai~,.sci?ponaii":~~plaintdocument
~ :roo 4> entitled "TCEQ Investigation 461100, TCEQ Incident ,6~816,':: adust inv~ti!jationreport

prepared by the Corpus Christi Regional Office Issued-March 31, 2006 freferee(J)o as the TCEQ
Investigation) and the 1990 Report to Congress (r:~f~iTed to as' me EPA RCRAreport). For the
latter document, this review provided (or STOP concentrates pr¢dominately on~hapter3, the
Alumina Production Sector. of the EPA ReRA report. " '.' ::,::'<.' " '
TOSC is an outreach program administered under the HazardCl1~s:~UbstanceResearch
Center/South and Southwest. The HSRC/S&SW is a competiti~'elj,awarded, peer-reviewed '
university research and outreach consortium funded by the US E}?A.' The mission of TOSC is [0

empower communities with an understanding of the underlying technical issues related to
hazardous substance contamination SO mat they may participate substantively in the decision
making process. rose is free to the community and the TOSC personnel are not stakeholders,
or the. agents of stakeholders, and therefore remain neutral in their interactions with the
community. As funding for the TOSC program bas ended (although still operating under an
EPA nc-cest-exrension), STOP and TOSC has asked Wilma Subra of Subra Consulting to assist
in Ellis review~effoit :--· ~, : ;:; ,< -,, '

I. . ' ..

Site Back:~und ." ; ,',:., ..

The Sherwin Alumina Company; formerly Reynolds Metals Company-Sherwin Plant, has
produced aluminaat.fhis location for more than fifty years beginning in 1953. The primary
function of the Sherwinplantisto extract aluminium oxide. called alumina, from bauxite ore
using the "Bayer Process", "The plant is capable of producing 1.4 million tons of smelter grade
alumina and 300,000 tons of chemical grade alumina hydrate per year. The Sherwin Alumina
plant is located on Highway 36) near Gregory, Texas which is located across Corpus Christi Bay
from Corpus Christi, Texas. The surface impoundments which store the spent red mud are
located approximately 9-10 miles northeast of the rest of the plant, ODfM 188 across from tile
STOP community in Taft, Texas. The STOP community is primarily a mid to low iac:ome
Hispanic community that has grown in size since the early 1990s.

2
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TOSCReview
Action ItemjNhniiaf)'
Based on the document review and conversations with the impacted STOP community, the
TOSe Team and Ms. Subra recommend the following action items be taken [0 ensure the STOP
community is not being adversely impacted by the current operation of the facility.

• TCEQ should do a complete analysis of the red mud material in all active red mud
impoundments.

• TCEQ should do a set of particulate analyses (possibly two near the homes directly I
across from the impoundments, I near the elementary school and include a background -At
particulate analysis). .- - - _.-. ....- .... . . . . ._- _ . ..__. . -

• TCSQ should request and review the on-going monitoring analyses that Sherwin states
has occurred in the last year.

• At a minimum; TCEQ should provide radioactive monitoring of the dust in the nearby .
yards of the residents; specifically to address radium 266 and tborium concerns with red
muds ,

• TCEQIEPA should undergo a groundwater assessment of the potential impacts of the
impoundments; particular concern should be noted of the families which have drinking
water wells very nearby the impoundment area.

• TCEQIEPA should evaluate the water quality of the nearby bays and inlets which provide
fish that residents eat based on thch-:recrcational fishing.

• After quantitative information is complied, TCEQIEPA should evaluate the potential for
any and all health effects which maybe associated.with the Sherwin Alumina Refinery in
Gregory Texas. .. . , ~ . .

' ., '

Review of the TCEQ Investigation
In the TCEQ Investigation 461100, TCEQ lncident'69816 investigation report completed in
March of 2006, TCEQ investigate 6 complainrs filed bycitizens near the Sherwin ALumina ted
mud surface impoundments from December 29, 2005 - January IS. 2006. In this investigation,
TCEQ states "it was determined that the potential for a severe dusting problem does ex ist". In
addition, TCEQ laboratory analysis results from lape lift samples taken from exterior walls of the
nearby homes indicate a significant loading of bauxite dust material. The eight tape lift samples
contained between 30% - 70% bauxite particles. All eight samples were consistent with the red
mud impoundment material tape lift sample which was also taken at the time.

The TCEQ investigation report includes mat tbe Air Division requested a health effects
evaluation by TCEQ toxicologist based on the tape lift samples. In response, the Air Division
was told that the tape lift samples were qualitative in nature and 10 do a health effect evaluation.
the TCEQ toxicologist would need quantitative data.

The TCEQ investigation also asked for the facility to provide a detailed analysis of the dust
problems at the impoundments and their proposed solutions. In the narrative attachment /
provided by the facility. many difficulties and problems were noted that in the facility's opinion
have contributed to the dust problem; such as the drought and viscosity issues associated with
poor bauxite ore quality,

3
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The overall conclusion of the TCE:;Q investigation was that the nuisance dust conditions are
significant and that a high priority response be implemented for future complaints.

Review of the EPA RCRA Report
In 1990. EPA was charged to evaluate the potential and documented danger to human health and
the envirenment from red mud waste produced by the alumina industry through the process of
bauxite refining. The EPA RCRA report reviewed five operating bauxite refuting facilities 10 the
US while addressing 8 study factors including the potential danger to human health and the
environment from thedisposal and reuse of such material.

Overall. rheTOSC review of the EPA RCRA report outlines several inconsistencies and
weakness in the EPA RCRA report, There are also inconsistencies in operating differences '
between what is noted in the report and actual conditions at the Sherwin Alumina Gregory
facility. based on the normal operating management conditions at that time. Detailed comments
are listed below with excerpts from the report listed first and TOSC comments listed afterwards
in italics.

1) Data on red mud composition was compiled for the 1990 EPA RCRA report fromsamples
taken by EPA in 1982 and 1985 and analyzed based on EP leach tests. rosc has several
concerns with the use of this data. a) In Chapter 2, section 2.2_2 of the EPA RCRA report
entitled "waste composition data" the report'states that EPA relied OD 3 sources of data for each
sector reviewed. The first source was datacolle#ed,py the EPA Office of Solid Waste (OSW)
during sampling visits in 1989. The report fWthei'sU#sth~t the agency sampled at least two
facilities for each waste stream. b) Additionally in.,chaprer. 2;~ethods and lnfonnation Sources,
state thai the samples were taken by EPA in 198~'~d in~y cases took samples of candidate
special mineral processing waste on both an "as-:t~erated" basis and an "as-managed" basis.

• These samples were taken over 20 y'!ars ago, ~nd used the EP rest not the TCLP test even
though t~·r.~.testwas mandatedfor use in March of1990. In addition, only 4
samples 0/ red mUd.jrom 3 out ofthe 5 facilities were used for EP analysis.

• l~)j.lthough cle(irlir~is was the procedure guidelines for all sectors. this wasnot done.
,Chapter.3 clearly .rtati!s>'rhal samples used/or the review were from 1982 and 1985.

• Although. the limited sampling done in 1982 and 1985 reflected the bauxite are used at
the time~'the,sourcesfQr.,bawciteore may have changed and, specifically, the Gregory
facility rawprod.uct maY'have changed. In 1990. the Sherwin Alumina Gregory facility
(then Reynolds) :Uscd'-bre minedfrom Australia. Jamaica. Brazil. and Guinea. Astar as
TOSC has determined the raw materials still come from the same countries but locations
ofthe mines thai extract the bauxite Ore may have signtficanily changed over the years.
According to STOP and a TCEQ dust investigation; the plant noted that rhey are using
bauxite ore that is less pure than p"~l.!iously used.

• Ibr No mention occurred in Chapter 3 o/samples taken on "as-generated" and "as
managed" basis for the red mud It appears that this was not done/or the Alumina
Sector.

3) Of the 2S identified constituents of potential concern in red mud solids. only 3 were
determined to be present in the muds in concentrations that exceed, screening criteria. The EPA
RC;RA report states [hat arsenic, chromium could pose cancer risks for potential inhalation

4
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exceedances and radimn-226 exceed radiation protection screening criteria. The report goes on
to mention that EPA feels "this is not a problem due to large ex.posures to windblown dust are
not expected".

• In an Australian studyrequested by the Australian Parliament (2004, or taler) states that
red mud dust contains 400 ppm Thorium. Thorium was never mentioned in the EPA
RCRA report and may cause an increase in cancers ofthe lung, pancreas, and blood in
workers exposed to high levels of it in the air.

• As illustrated in Figurel below, it is very common/or the community of Taft 10

experience large windblown red dust episodes. Figure 1 shows dust cloud over me dry
open surface impoundment. Based on conversations with STqp, and TCEQ yearly wind
rose diagrams, the direction of wind flow is predominarelY!l'om':the southeast with' wind
speeds between 11·16 knots (12.718.4 mph)!rom 9% to 17% ofthe time during the year.
Based on a site visit from TCEQ the wind speed 011 that day/~as approximately 17 knots
(19.6 mph). , .

..-
··· ·~'7~~J~1

.:.

Figure 1. Red mud surface impoundments Figme 2. Red mud fine particulates in Taft homes

4) Of the 18 ident'if;~' coastrtucnrs of potential concern in ted mud leachate, only 2 constituents
were presentin cODcent:ranons which exceeded the initial screening criteria, and are arsenic and
selenium:"The EPA ReM ,iepon goes on to state that concentrations suggest that if leachate is
released. to groundwater and dll~tedby only a factor of 10, the resulting arsenic concentration
may pose a cancerrisk if ingested. Selenium concentrations if released to groundwater and
diluted by a factor 0(10 or less may potentially exceed drinking water maximum contaminant
levels. ' . ."

• As selenium ani';ri~ic concentrations are noted as concerns and the report further
states that there is the potential for groundwater transport/rom the impoundments (see
#5), rOSe/eels these twO constituenssshould be reevalutated.

• The EPA standard in the USfor selenium is O.05mgIL. but in Canada, the EU, Australia
and WHO the selenium standards is lower (0.01mglL).

• The EP test was used nor The current TCLP test as mentioned previously.
5) In the EPA RCRA report under the risk assessment section which is entitled "Release,
Transport and Exposure Potential", EPA states that the analysis considered the baseline hazards
of red mud C15 they are managed at the five bauxite refining facilities (which includes the Gregory
facility). a) The report continues stating that the following analysis does not consider the risks
associated with variations in waste menagement practices. b The report then proceeds to detail

5
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on a site-specific basis the potential for leachate from the muds to be released to ground water
and cause impacts through the groundwater pathway. The report states that the Gregory TX
facility is underlain by in-situ clay with the base of the impoundment extending below the
shallow ground water. c) The EPA RCRA report further states that according to facility
personnel neither the shallow groundwater nor water at greater depths is used for water supply
purposes. d) In addition in Chapter 2 Methods and Information sources, section 2.2.2 under
"evaluation of release, transport and exposure potential EPA outlines a clear risk assessment
procedure to be followed by the EPA reviewers.

• 1a) Although EPA does not consider the variations in w4Ste management practices as
shown in later sections o/rhe report, EPA does state that risk is limited due fa the
management conditions.

• 1b) Downward migration is felt to be limited due to the locations ofdrinking water
wells from the facilities and hydrogeological conditions which we assume to mean that
th~y are usually underlain by an in-situ day. Onesite had a recompacted day, two
sites had a leachate collection system, with another site having 0 useable aquijer400
meters below the surface and the nearest drinking well around 1,300 meters
downgradiens. The Gregory faciliTy had none of the hydrogeological conditions and
collections systems listed above

• 1c) In fact contrary to wlJi'Jtjaci/iry personnel stated there are families nearby who are
on private warer wells who did and still receive their drinking water from groundwater
since this EPA RCRA report. ... - . .

• 1d) Although, in earlier chapters of rhe"$PA fiCRA report clear guidelines were
stipulatedfor the risk assessmentp~qcedure~'1orall sectors, it appears that these
procedures may have been less rig0 r0f;lslyfo[l(Yw~d 'in Chapter 3 for the Alumina Sector.

6) Again under the section entitled "Release, Transport and Exposure Potential, the EPA RCRA
report details 011 a site-specific basis the potential tor leachate from muds [0 be released and
cause impacts through the surface water pathway. EPA states that migration into surface water
via groundwater seepage is possible at three facilities, that are close to surface water bodies and .
do not employ leachate control. One of the three listed is the Gregory,TX facility,

• Facility.is stared [0 be about 60 meters/rom Corpus Christi Bay, again EPA states that
the one ofthe reasons that the muds would probably not cause a health threat is distance
10 drinking water intakes. Alrhough this may indeed be the case for the main plara, the
actual surface impoundments (which contain the red mud) are nearly 10 miles away

. from the main plant address. Based on informationgiven by STOP, drinking water wells
are very dose co the actual surface impoundments (which contain the red mud) and
approximately 1,000 [0 1.500 feet from Port Bay, a nearby inlet ofCopano Bay.

7) In the section entitled "Air Release, Transport, and Exposure Potential" the EPA RCRA
report, states red mud contaminants can only be release to the air in the form of windblown dust.
The report further mentions that during the operating phaseof the tmpoundments, thepotential
for dusting from the muds is virtually non-existent because the muds are submerged beneath
liquids. The report continues to state that when the impoundments are closed there is the
potential for muds to be released to the air as none of the facilities practice any dust
suppression/controlmeasures. It then goes further and states that the facilities in arid conditions
such as at the Gregory facility this maybe more of a concern.

• This statement is contradictory to the earlier statement mentioned above which stated
they do not consider the variations in waste management practices.

6
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• According to pictures (see Figure 1 and 2) and statements by the STOP community the
present open impoundment is more likely to be dry than it is 10 be kept covered by
liquids.

8) In the EPA RCRA report under the section entitled "proximity to sensitive environments" I the
report states that none of the bauxite refining facilities are located in or within me habitat of an
endangered species. a National Park, a National Forest. or a National Wildlife refuge.

• Corpus Christi Bay as noted in the EPA report is located less than 200 feet from the
Gregory Texas facility, Corpus Christi Bay is part ofthe Corpus Christi Bay National
Estuary Program (CCBNI::PJe5tablished in 1992 as an estuary ofnational significance by
EPA and is home to over 490 species ofbirds and 234 species offish. In addition, the
Piping Plover is an endangered species (Great Lakes) which winters in the Corpus
Christi Bay area. Other endangered and threatened species in the Corpus Christi Bay
National Estuary include other birds such as Reddish Egret, Snowy Plover, and the
Pereg rine Falcon.

• Several Texas state parks are also near the facility.

9) The EPA report states that base-dupon the analysis of factors that influence risk and a review
of damage cases they conclude that we potential for red muds to impose a significant risk to
human health or the environment if managed according to current practice is low. The report
further stales due to this EPAdid not conduct a quantitative risk modeling exercise.

• TOSC feels that a thorough quantii~v~ risk modeling exercise should have been
performed and this serious determin<Iiio.nforrisk should not have. been left to qualitative
reviews only. In the EPA ReM report EPA used a 3 -slep approach to risk assessment
with the last step being a quantitative risk /1Wiiiiling.·e:xerCise. TOSe argues that if the
previous steps were flawed, and a quanifrcir;ve modeling exercise was also not done, then
uute relevant data On risk was actually obtained/or the Alumina Sector analysis.

• In addition, rosc feels the rigorousness iilllte ,"risk assessment" was very weak. rosc
understands that risk assessments in the last, 15 years have improved considerably. This
further strengthens rose's belieftha: the ,isk assessment portion a/the study should be
reexamined[or. this> sector and possibly for otner sectors using the most up-to-date risk
assessments guidelines and procedures.

10) In the E~ARCRA report tinder the Findings section 3.3.3. EPA states that the radium-226
concemrauon'tsapproxtmatetyequal (0 EPA'S standard for cleanup of inactive uranium mine
tailings indicating a potential radiation risk if after closure the red mud Jukes impoundments were
used in an unrestricted 'manner; ' '

rose believes ·that',based on the fact that open red mud lakes have been kept dry oflen in
arid conditions and thefacility has been in operation for over 50 years, the porential for
a significant amount of red mud particulates to have possibly infiltrated the native soil of
the nearby homes may be a long term concern for residential use in an unrestricted
manner.
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Disposal ofuscd refractory bricks made from zircon may also be a waste issue.

Radioactivity

The zircon mineral contains trace amounts of uranium and thorium within the mineral structure,
Typical activities of uranium and thorium in Australian zircons are in the ranges 1000 - 4000 Bqlkg
and 200 • )000 Bq/g, respectively [1). Radioactive equilibrium will exist between the radionuclides
within their respective decay series. Because zircon is used directly in the manufacture of refractory
materials and glazes, the products will contain similar amounts of radioactivity [6]. Higher
concentrations may be found in zirconia.

In the fusion of zircon, the more volatile radionuelides, for example 2JOPb and 210p O, may
accumulate in dust and fumes within the plant. The main radiological issue is occupational exposure
to these radionuclides in airborne dusts in the processing plant.

3.3 Aluminium Production

Background

The main mineral source of aluminium is bauxite, which contains 30 to 50% hydrated aluminium
oxide. Bauxite is mined on a large scale in Australia, which is the world's largest producer of
bauxite (-40%) with a current annual production of about S5 million tones [I]. The main deposits
ofbauxite in Australia are in the north-western region ofWestern Australia.

Bauxite is refined to produce alumina (anhydrous aluminium oxide) at refineries in Western
Australia and Queensland. The current annual production of alumina in Australia is approximately
16 million tonnes with most of the production (-80%) being exported (1]. The remainder of the
alumina is smelted at plants in several Australian states to produce aluminium ingots for fabrication
into a range of industrial and domestic products. Approximately 1.8 million tonnes of ingots are
produced locally [1].

Processes

The process to reflnc bauxite and produce alumina is termed the Bayer process [4}. There are five
basic steps, namely: .

i. Bauxite washing and grinding
ii, Bauxite digestion in caustic soda at high temperature and pressure.

iii. Separation and washing of solid residues
iv, Crystallisation of hydrated alwnina
v. Calcining at about 1000DC to remove water and produce anhydrous alumina.

The main raw materials for this process, apart from bauxite, arc caustic sodaand lime.

8
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The production of aluminium metal involves electrolysis of the alumina in a mixture of fluoride
salts. contained in carbon cells. The electrolysis takes place at around 970°C and the aluminium is
removed from the production cells as the molten metal, allowed to solidify and cast as ingots,
Other aluminium products fOI: special applications, such as powders and pastes, are produced from
the molten metal.

ResidueProduction

The main solid residues from the alumina production are the undissolved bauxite residues
containing iron. silica and titanium removed from the digestion step of the process. These residues,
termed "red mud", are produced in large quantities with between 1 and 2 tonnes of red mud
produced per tonne of alumina depending on the grade of bauxite [4] , The amount of bauxite
residue (red mud) reported by the industry in Australia for 2003 was 26 million tonnes (dry basis) .
It is estimated that there is an annual generation in excess of 26 million tonnes of red mud and other
solid waste from alumina production in Australia.

The main liquid residues arise from the washing of solid waste and from the settling ponds are
recycled as process water.

Disposal of red mud and other solid residues commonly takes place by spreading in layers over a
large area to allow the material to dry, followed by rehabilitation of the land, which involves the
waste with sand and re-vegetatlag lite surface. Leachates from the disposal areas are collected and
returned to production and as process water.

Alumina smelting does not produce substantial quantities of solid waste. The main residues are the
fluoride-containing gases that axe removed from the vapour discharges by scrubbing in an extraction
system to remove in excess of99% ofthe fluoride.

Radioactivity

The original bauxite ores can contain significant levels of natural radioactivity due to both uraniume3!lU) and thorium (232Th) and respective decay products, Some of the radioactivity may be
associated with trace quantities of other minerals, such as ilmenite or monazite. Levels ofmU and
232Th can range from 120 - 350 Bq.kg,1 and 450 - 1000 Bq.kg" (7). respectively, depending on the
source of the bauxite ore. Virtually the entire amount of radioactivity is transferred to the solid
waste, and little, if none, of the uranium or thorium is present in the alumina. Moreover. there is a
threefold increase in the radionuclide content of red mud compared to the original bauxite mineral.
Reported concentrations for natural radionuclides in red mud from Western. Australian sources are
given ill Table 3. These values can be compared with the natural background concentrations of20
110 Bq.kg" for uranium and 50 - 500 Bq.kg- I for thorium in gravel soils in the region of Western
Australia where the bauxite mining takes place [7].

9
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Table 3. Natural Radioacti"ity in Bauxite and Solid Residues from Alumioa Producnon
in Western Australia 17]

Radionuclide
Typical concentradon

(Bq.kg-1)

Bauxite Sand residue Mud residue

Uranium-238 series"
120 - 350

5· 200
150 - 600

(10 - 900) (100 - 3000)

Thoriwn-232 series"
4.50·1050

300- 800 1000 - 1900
(35 - 1400) (100 - 3000)

Potassium.-40D 30 -70 No data
70 - 230

(10 - 600) (10 - 100)

Note: a. Other reported concentration ranges of radioactivity in parentheses (taken from
reference 5)

3.4 Copper Production

Background

Copper is a metal of major importance with a range C1f uses. with the main application being for
electrical installations and the electronics industry.

Australia is a major producer of copper with a currcot annual production of around 870,000 tonnes
of primary copper products and 520,000 tonnes of refined copper metal [1]. Australia's largest
operations for copper production are at Olympic Dam in South Australia and Mount lsa in
Queensland. The general type ofcopper mineral deposit is an "iron oxide copper-gold deposit".

Other valuable elements, namely silver and uranium, are often associated with copper-gold
mineralisation because of their similar geochemistry.

Processes

After milling [he are. copper is separated by flotation to produce a concentrate with a copper contc:rit
of about 30%. The concentrates arc smelted to remove volatile or less dense impurities. Further
purification of the copper melt from the smelter produces a primary form of the metal. knOWD as
blister copper. Blecu-o-rcfuling produces higher purity copper.
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PUBLIC PETITION 
 

August 8, 2007 
 
Environmental Protection Agency 
Administrator Richard E. Greene  
Region 6  
1445 Ross Ave. Suite 1200 
Dallas, Texas 75202-2733  
 
Under the authority of CERCLA Section 105 (d), as amended, the petitioner/s, (see 
attached) hereby requests that Region 6 of the United States Environmental 
Protection Agency conduct a preliminary assessment of the suspected release and/or 
threatened release of a hazardous substance, pollutant, or contaminant at the 
following location:  Sherwin Alumina Company – refinery and bauxite residue drying 
beds and the surrounding areas:  
 
 Aransas County – Leo Miller Rd 
            San Patricio County – CR 4351, CR 1177, 1432 and surrounding county roads 

Gregory, Texas – Stephen F. Austin Elementary School, 502 N. Gregory Ave and 
surrounding neighborhoods 

           
 
Petitioner is affected by the release and/or threatened release because:  
The community has reason to believe that our health is endangered by Sherwin 
Alumina’s bauxite residue (industrial waste) which is believed to cause the following:  
Respiratory illnesses (COPD, Bronchitis, Lung Cancer, Bronchial spasms, asthma, 
siderosis, pnuemonicosis),  burning in eyes, skin, nose, and throat,  exacerbation of 
allergies, sinusitis, digestive problems, headaches, nose bleeds, lethargy & fatigue, 
persistent cough, hypertension, Alzheimer’s, and beryllium disease.  
 
Our rural community is directly across the road from the bauxite residue drying beds of 
Sherwin Alumina Company.  On Leo Miller Rd, CR 4351, CR 1177 and surrounding 
county roads there are ~ 75 families.   Most of the residents are minority and low income.  
Approximately 70% of the residents are elderly and children.  On CR 1432 and the 
surrounding county roads there are ~ 100 families.   
 
The Stephen F. Austin Elementary School has ~ 300 students plus faculty/staff.  They are 
building a new school that will accommodate ~ 650 students plus faculty/staff.  The 
surrounding neighborhoods that are affected are ~ 500 residents.  Approximately 60% are 
elderly and children.  Most of the residents are minority and low income. 
 
Type or characteristics of the substance(s) involved:  
Bauxite residue (aka: red mud) is the industrial waste of bauxite mining for the purpose 
of extracting alumina which is the raw material used to make aluminum.  The red mud 
dries to a very fine particulate matter of less than PM 2.5 with over 50% less than 1 
micron.  This is a highly respirable dust that easily penetrates the deepest parts of the 



respiratory system.  The particulate size of the red mud and its toxicity are extremely 
hazardous to human health.  The red mud frequently contains the following chemicals: 
cadmium, beryllium, caustic soda, arsenic, chromium, thorium, selenium, mercury, 
uranium, barium, boron, lead, radium -226, vanadium, nickel, and crystalline silica which 
is a known carcinogen.  The red mud contains significant amounts of iron (20-50%), 
aluminum (20-30%), silicon (10-20%), calcium (10-30%), and sodium (10-20%) (see 
attached EPA risk assessment, 1990) 
 
Nature and history of any activities that have occurred regarding the 
release/threatened release:   
 
The red mud dust is windblown to the homes of nearby residents. 
 

   
 
It is so fine it easily penetrates any structure, especially the human body.  Our community 
experiences large exposures of windblown dust on a regular and continuous basis for at 
least 8 of 12 months.  The red mud impoundments are not submerged under water.   
Sherwin Alumina Company does not have adequate dust suppression/control measures.  
The climate we live in is arid with strong winds blowing in a predominately southeast 
direction.  Our homes and lawns become completely covered in red mud dust during 
these frequent dust storms.  Residents have to shelter in place or evacuate.  Some of our 
residents are elderly and cannot evacuate.  Since everything is covered with red mud dust 
children are highly exposed to the dangers of red mud through the respiratory system and 
ingesting the dust.  The lawn, playgrounds, bicycles, toys, trampolines, and swimming 
pools become health hazards for our children.  Our elderly residents become prisoners in 
their own homes.  Our respiratory illness, allergies, become exacerbated during these 
periods.  The caustic soda blows in a white dust clouds and it burns the eyes, nose, throat 
and skin.  
 

 We are concerned about leachate and contamination of our ground water wells as well as 
surface water and associated environments.  The EPA RCRA report states that 
concentrations suggest that if leachate is released to groundwater and diluted by only a 
factor of 10, the resulting arsenic concentration may pose a cancer risk if ingested.  
Selenium concentrations if released to groundwater and diluted by a factor of 10 or less 
may potentially exceed drinking water maximum contaminant levels. 

 
 Selenium and arsenic concentrations are noted as concerns and the report further 

states that there is the potential for groundwater transport from the 



impoundments.  The community  feels these two constituents should be re-
evaluated. Note: In 2001 (effective 2002), the EPA standard in the US for arsenic 
in drinking water was changed from 50 ppb to 10 ppb to protect citizens from 
long term chronic exposures.  Additionally, the EPA standard in the US for 
selenium is 0.05mg/L, but in Canada, the EU, Australia and WHO the selenium 
standards is lower (0.01mg/L).   

Under the section entitled “Release, Transport and Exposure Potential, the EPA RCRA 
report details on a site-specific basis the potential for leachate from muds to be released 
and cause impacts through the surface water pathway.  EPA states that migration into 
surface water via groundwater seepage is possible at three facilities, that are close to 
surface water bodies and do not employ leachate control.  One of the three listed is the 
Gregory, TX  facility – Sherwin Alumina Company. 

 
 The Sherwin Alumina Facility is stated to be about 60 meters from Corpus 

Christi Bay, again EPA states that the one of the reasons that the muds would 
probably not cause a health threat is distance to drinking water intakes.  
Although this may indeed be the case for the main plant, the actual surface 
impoundments (which contain the red mud) are nearly 10 miles away from the 
main plant address.  Based on information given by STOP, drinking water wells 
are very close to the actual surface impoundments (which contain the red mud) 
and approximately 1,000 to 1,500  feet from Port Bay, a nearby inlet of Copano 
Bay.  

 
 
The high demand for aluminum and the poor quality of current bauxite supplies create 
enormous amounts of red mud.  The poor quality of bauxite necessitates the use of more 
chemicals to meet customer specifications.  Due to its low moisture content it also creates 
a thicker slurry that plugs up the pipelines at the refinery requiring large amounts of red 
mud to be transported by truck rather than by pipeline.  The red mud transported by truck 
dries quicker and when dumped at the impoundments creates dust clouds which blow to 
the nearby residents homes.  The trucks spill the red mud along the public highways from 
the refinery to the impoundments (~10-12 miles) We believe the high ph and alkalinity 
levels in the red mud are corrosive.   Corrosivity is a criterion for classifying a waste as 
hazardous.  Due to this characteristic we are petitioning that this waste be delisted as a 
special waste under the Bevill Amendment and that the exclusion as a hazardous waste be 
repealed. 
 
The 1990 EPA risk assessment of the aluminum sector was poorly done using outdated 
methods and confining the assessment to qualitative reviews only.  We are petitioning for 
a thorough quantitative risk modeling exercise.  There was a failure in the testing system 
and analytical methods used to identify the potential problems with the residue. Many 
EPA permissible limits have been revised to more stringent standards since 1990.    The 
risk assessment does not consider variations in bauxite quality and waste management 
practices.  The proximity to sensitive environments has changed since 1990.  There has 
been a substantial increase in the population living in close proximity to the red mud 
drying beds.   
 
Another area of concern for our community is the Stephen F. Austin Elementary School 
in Gregory, Texas.  The school is in the direct wind pattern from the refinery and also 
experiences large exposures of bauxite ore dust generated during receipt and crushing.  



The surrounding neighborhoods are affected in the same manner.  Residents of Gregory 
suffer many of the same symptoms from this exposure as our rural community residents 
suffer from the red mud dust exposure.  The demographics in these two areas are 
predominately low income and minority residents.  Most homes are wood frame.  Many 
are in poor condition with little or no insulation and many homes have no air 
conditioning.  The dust penetrates into the homes, carpet, furniture, drapes, clothing, etc. 
 
State and local authorities you have contacted about the release/threatened release 
and the response:    
 
We have been in continuous contact with TCEQ, EPA – Environmental Justice Division, 
Region 6, RCRA,  TDHS, and ATSDR.  Although the red mud dust is in clear violation 
of the Clean Air Act (P.M. 2.5), none of these agencies will force Sherwin Alumina 
Company into compliance.  The reason cited is that Sherwin is a non-regulated entity and 
the red mud dust is classified as a non-hazardous waste and protected under the Bevill 
Amendment. 
 
 
We are petitioning for your prompt attention to this matter.  We are being 
victimized daily as our  health, property and environment continue to deteriorate as 
a result of the EPA’s determination to exclude this waste from regulation based 
upon the seriously flawed EPA 1990 RCRA risk assessment. 
 
 
 
Signed 
 
 
 
Nelda Salinas 
President 
South Texans Opposing Pollution  
(S.T.O.P.) 
 
 
Attachments:  1990 EPA RCRA Report 
                          Petitioners Signatures    
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MEMORANDUM 
 
TO:  Leo Miller Road Site File 
  TXN000606818 
 
FROM: Steve Cowan, Dynamac START-3 PjM 
 
DATE: November 1, 2007 
 
SUBJ:  Summary of Logbook Notes 
 
 
The following is a summary of the logbook notes taken by START during the combined 
EPA/START reconnaissance inspection for the Leo Miller Road site conducted on 
October 9, 2007.  Participants included Mr. Jon Rinehart, EPA Site Assessment Manager 
(SAM); Mr. Steve Cowan, START PjM, and Mr. Raul Rodriguez, START-3 team 
member. 
 
The EPA SAM and START Cowan arrived in Corpus Christi and met START team 
member Mr. Rodriguez.  Upon arrival, the EPA/START team proceeded to Portland, 
Texas to meet with Ms. Nelda Salinas, a member of South Texans Opposed to Pollution 
(STOP), and her attorney, Andrew Spaeth. 
 
Ms. Salinas updated the EPA/START team with a brief history of the site:  site was 
formerly owned and operated by Reynolds Metals, who in turn have sold the facility.  
The facility has changed ownership a couple of times since Reynolds fist sold the 
property to BPU, Inc. and China Min Metals in 2001.  BPU and China Min Metals then 
sold the property to another company in 2006, who then in turn, sold the facility to 
Glenco, a Swiss company, in May 2007.  Ms. Salinas informs the EPA/START team that 
the area around Leo Miller Road contains primarily low income and minority residents 
that have no means to protect themselves from the red mud dust that is generated during 
dry periods and blown from the red mud lagoons toward the residential structures located 
on Leo Miller Road.  According to Ms. Salinas, the red mud dust is very fine particulate 
matter that gets everywhere and that is hard to keep the homes and yards clean. 
 
Ms. Salinas informed the EPA/START team that she has made numerous complaints to 
the TCEQ Corpus Christi district office about the red mud dust.  TCEQ has sampled the 
red mud for chemical constituents; however, she has not seen the resulting analytical 
data.  In addition, TCEQ has collected dust samples from her home and analyzed the dust 
samples or bauxite, not chemical constituents.  The Salinas residence and those residents 
located on Leo Miller Road are directly downwind of the prevailing wind direction, 
southeast to northwest. 
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Ms. Salinas, who used to work for Reynolds Metals, informed the EPA/START team that 
the current owners want her and her family to relocate, because the red mud lagoons have 
been at their present location for over 20 years.  The company has hired window washers 
to spray wash her home; however, the home becomes dirty when the red dust is blown in 
the direction of Leo Miller Road. 
 
The EPA/START team tours the community of Gregory and Stephen F. Austin 
elementary school.  Red dust is visible on residential structures, the Gregory water tower, 
highway overpasses, and on the school property.  The actual Sherwin Alumina Company 
plant is located on Corpus Christi Bay and is directly upgradient of Gregory, Texas.  
According to Ms. Salinas, approximately 800 individuals are employed by the SAC 
facility.  She did not know how many individuals worked at the red mud lagoons. 
 
The EPA/START team tours the Nancy Garcia residence located at 109 Polk, in Gregory, 
Texas.  Red dust is evident on all the outside and inside window sills that face the SAC 
facility.  This residence is located downwind of the prevailing wind direction.  According 
to Ms. Garcia, the family has to keep the windows closed in order to keep out the red 
dust.  START observed the red dust as a very fine particulate matter.  START collected 
two photographs of the red dust at 109 Polk, Gregory, TX.  Ms. Garcia explains to 
START that she obtains their drinking water from the San Patricio Municipal Water 
Company. 
 
Ms. Salinas then transports the EPA/START team to the SAC facility in order to get a 
prospective of the alumina producing facility.  When proceeding to the SAC facility, red 
dust was observed on the roofs of buildings along State Highway 181.  Ms. Salinas 
informs the EPA/START team that the red med residue is transported to the red mud 
lagoons, via underground pipelines and trucks. It is reportedly transported to the red mud 
lagoons along County Road 1177.  She said that SAC subcontractors average one truck 
per hour, eight hours per day, for seven days a week. She explained that the residue 
placed into the red mud lagoons is very dry and flakey, instead of a slurry-like material.  
She believes that the consistency of the material has changed because the SAC facility is 
now obtaining bauxite from different sources than when Reynolds was operating the 
plant.  START observed crops being grown along the sides of the roads.  Ms. Salinas 
explains that the primary crops grown in the area are grain and cotton.  Upon arriving at 
the SAC facility, EPA/START team noticed that many of the vehicles in the parking lot 
have covers.  Ms. Salinas explained that the covers keep the red dust off the vehicle and 
keep the paint from being damaged by the caustic red mud residue. 
 
After touring the outside of the SAC facility, Ms. Salinas transported the EPA/START 
team to her residence on Leo Miller Road. Leo Miller Road is located approximately 10 
miles north-northwest of the SAC facility.  The GPS coordinates for the Salinas residence 
are: 28.01511666º N latitude, and 97.2124 º W longitudes.   There are four residents 
residing at the Salinas residence: Mr. and Ms. Salinas, and two children.   After arriving 
at the Salinas residence, the EPA/START team toured the residential structure and 
grounds.  EPA/START observed the red dust on the front porch, window sills, and 
swimming pool area.  START observed water well located in the north section of the 
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property.  According to Ms. Salinas, the well is approximately 280 feet in depth.  It is not 
used for drinking water, due to the brackish taste of the water.  Mr. David Martinez, a 
neighbor of the Salinas’s arrived at the site and explained that the majority of the 
residents in the vicinity of Leo Miller Road have and maintain water wells, but do not use 
them for drinking water.  These individuals either purchase bottled water or purchase 
water from a rural water supply company.  The groundwater is used to water lawns, wash 
laundry, and bathing purposes. Both Ms. Salinas and Mr. Martinez stated that the 
Bennett’s, located northeast the Salinas residence, do use their water well fro drinking 
water.  Mr. Martinez believes that the majority of the water wells are approximately 250 
to 300 feet in depth.  Ms. Salinas stated that her water well is used to fill up their 
swimming pool with water.  Mr. Martinez lives on Leo Miller Road, southwest of the 
Salinas’s, in San Patricio County.  GPS coordinates of his homestead are 28.00831666º N 
latitude and 97.21676666ºW longitude. 
 
Ms. Salinas offers video graphic documentation of the red mud dust migrating from the 
red mud lagoons towards her residence.  The videotapes were made in February and 
April 2007, from an upstairs bedroom that faces the red mud lagoons.  The videotape 
clearly shows the red mud dust being wind-blown towards the Salinas residential 
structure.  Ms. Salinas and her attorney will send Jon Rinehart, EPA SAM copies of the 
video graphic documentation.   In addition, Ms. Salinas shows the EPA/START team the 
red mud dust that had accumulated on a plastic cover and on her children’s white athletic 
socks.  START obtained photographs of these two items containing red mud dust.  
According to both Ms. Salinas and Mr. Martinez, the red mud dust issue began to get out 
of hand in December 2005, when Reynolds sold the property.  Since that time, both 
families have had health concerns due to the red mud dust and both families have had to 
evacuate the residential premises when a dust storm from the southeast is occurring. They 
have seemed to notice that if there is no rainfall for approximately 2 to 3 weeks, and the 
winds pick up from the southeast, their residential structures will be covered with red 
dust with the next dust storm. 
 
Mr. Martinez also stated that drainage from the red mud lagoons may enter Port Bay, due 
to visible color changes he has observed within Port Bay. 
 
After touring the Salinas property, the EPA/START team visited the Bennett residence 
located at 111 Leo Miller Road, Aransas County, Taft, Texas.  GPS coordinates: 
28.01838333º N and 97.210311666º W.  Mr. and Ms. Bennett reside at this residence.  
According to the Bennett’s, they have boarded up the windows because it is the only way 
to minimize the amount of red dust from getting into their residential structures.  The 
Bennett’s do maintain a water well that is approximately 290 feet in depth and it is used 
for drinking water purposes.  However, the Bennett’s have to “distill” the water before 
than cam drink it.  Ms. Bennett also informed START that she feels that some of her 
current and past health problems are related to the red mud dust and that she wants SAC 
to provide some type of containment to prevent the red mud dust from blowing onto their 
residential property.  She explained that she knows of three individuals who have died of 
cancer that lived within 300 yards of the facility. 
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The EPA/START team completes a windshield survey along Leo Miller Road and the 
perimeters of Red Mud Lagoons 1, 2, and 4 (Leo Miller Road and State HWY-188).  
During the windshield survey, the EPA/START team identified approximately 20 
residential structures on Leo Miller Road; however, it is not known if all the identified 
residential structures are currently occupied.  The EPA/START team did not identify any 
schools or daycare centers on either Leo Miller Road or State HWY-188. 
 
The windshield survey of the lagoons indicated that each RML contains an earthen levee 
surrounding the perimeters, Drainage ditches were observed on the north side of Red 
Mud Lagoon 2 and on the west side of Red Mud Lagoon 1; however, the EPA/START 
team could not determine if the drainage entered a perennial surface water body. 
 
Upon inspection of Port Bay, the EPA/START team observed crab traps in the portion of 
Port Bay, located southwest of the State HWY - 188 bridge and Port Bay.  According to 
Mr. Martinez, recreational fishing for redfish and speckled trout occur in both Port and 
Copano Bay’s.  In addition, Mr. Martinez stated that both bays are brackish/saltwater 
bays, and that the deepest part of Copano Bay is approximately six feet in depth. Later 
that afternoon, the EPA/START team observed two individuals fishing in Port Bay, 
southwest of the State HWY-188 Bridge.  Photographs of the recreational fisherman and 
crap traps in Port Bay were collected by START. 
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November I , 1996

Sccrt Green,
Waste Eval uation Sectio n, MC129
TNRCC
P.O.Box 13087
A ustin, TX 7871J-3087

re: Waste Anal ysis File 306-96

Dear MI. Green,

As requested in Dorea Zaragoza 's Jetter ofOctober 15, 1996. we are supplying the
following information regarding the recovered leachate water from our Gwn Springs
facili ty which is currently being used as a substitute raw materi al at the Sherwin PJimL

1. The material is leachate water collected from a management uni t located at
our Gum Springs. Arkansas Spent Potliner Treatment Facility which treats spent
Potliner (Waste K-088) in an EPA approved process by which the resultant
product (ALROC3

) is delisted and is no longer considered a ReRA hazardous
waste. A description of the approved process is attached as requested. The
product has been stored temporarily in a land storage unit while awaiting
commercial use. The management unit is partially exposed to the elements and
consequently collects rainwater which percolates lhrough the material . During the
percolation process. the water tends to pick up caustic material, which remain in
the product causing its pH to rise to the 12.0+ levels. In addition, the water also
picks up recoverable aluminum. and trace amounts of arsenic, fluorides, and
cyanides as trace coota.rni.nants. None of these constituents are of concern at the
Sherwin Plant. The dissolved caustic makes this water an attractive substitute raw
material for direct input in our process. Each day ow process consumes
approximatcJy 8,5 million gallons of water (approxima1ely 4Cl"O of which is
collected rainwater and 6()lIA of which must be purchased) and approximately 4S0
metric tons of Caustic Soda (95% of which is purchased as SOO.lo NaOH solution,
and about So/. of which i. recycled marerial from several outside 50=). A
description of the Sherwin Plan t process is also attached. All pun:hased water
mUJt be '5Oft<ned" to a pH of approximately . JO.s (mioimum) by the addition 0
caustic soda in erder to remove the Calcium and Magnesium normally found in
local surface water. The leachate water not only already contains reactive caustic
and recoverable Aluminum. it is already CaJcium and Magnesium free. In terms
of our precess, it is a.superior raw material to purchased water. OUr chemical
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engineers can identify no potential deleterious effect on our process from the trace
comaminams. TIle Sherwin Plant is a zero discharge faci lity . All water is recycled
until final evaporation .

2 . Th e leachate is collected an d pumped to leased rail road tack cars which
arc then shipped to the Sherwin Plant. Upon arrival at our fac ility, the leachate is
pumped into the process at a point of like caustic concentration becoming a part of
the process stream at that point. In our process, the caustic soda reacts with
Aluminum Hydrate (from the Bauxite) to form our Sodium Aluminate: process
liquor. The aluminwn oxidizes and is recovered as product At the same time, the
fluorides react with lime which is added to the process (in the desUication stage)
yielding lnsnluble calcium fluoride which precipitates with our red mud process
residue. The cyanides are oxidized in our high temperature/high pressure
digestion process and the trace arsenic precipitates into the red mud along with the
trace metals which come into the process with the Bauxite. In short, none of the
trace contaminants (except the aluminum) either contribute to or play any part in
the process, (A material balance would show that while the leachate introduces
approximately .1 lb of As intO the process each day, the incoming Bauxite brings
with it approximately 635 lb. Meanwhile, the leachate contributes nearly a ton of
caustic and .as muc:b as SO lb. of recoverable aluminum to offset I11W material
purchases.)

3. The Sherwin 'process is a circulating loop of Bayer liquor with side
processes such as mud clari fication operating in parallel to the principal liquor
stnam. Raw matl:rials arc introduced at several point in the process. The leachate
is introduced iDto the wash circuit at a point wbere the incoming w.sh water has
reached a like caustic concentration. (The purpose of the wash cin:uit (counter
CWTCIlt decantation) is to recover a maximum amount of caustic and Alumina
from the mud prior to disposal.) The leachate is used to wuh higher
conccnU'Btion mud to recover process materials. The caustic contained in the
leachate is recovered in the same process. Since the leachate contains no
dissolved calcium or magnesium, it does Dot compete in the process as would
ordinary lake water which would have to be "softened" by the addition of caustic
prior 10 introduction into the process sttt.am. It is soft water with a caustic and
aluminum bonus. lbe caustic replaces a small pait of the: 450 tons of make-up
caustic and Ibe water replaces a small part of the 8.5 million gallons of make-up
water added to the precess loop each day.

4, The AUlOC- pn>duc:t material has beee stored temporarily in a Iaad
storage unit while awaitiDg c:ommerclaJ usc. The management unit is partially
exposed to the .I<meats (although =tly being COV~) aod comcquently
collects raiDwUer which percolates thtough the material. The JD81I08Cl"CI'1 unit is
equipped with a leachate collection oystem which operates .. designed. Tho
leachate is collected and pumped into IcasCd taiIroad taak can. Normally about I
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tank car load is accum ulated in about 2 weeks. Whe:l full, the tan k cars an:
shipped to the Sherwin Plant ( in compliance \\"ith DOT regs). Upon arrival , (he
cars art sported at Sherwin' s Facility 107, a tank car unloading facility equipped
with secondary co ntai nment pro tection. used roost often to unl oad sulfuric acid,
but plumbed to connect with many areas of the plant. The leachate is then drai ned
from the cars and pumped directly to one of the washer overflow tanks. It is not
stored. When empty. the cars are rinsed, the rinseate is recovered to the process
and the cars are re turne d to Own Springs.

If we can provide any additional information, please do not hesita te to contact me al your
earl iest convenience.

encl.:
... ..... ~

Gum Springs Process Descripiltm-. ~

Sherwin Precess Description
Sherwin Process Flow Diagram

OCT- 2B-1996 15 :4'3
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SHERWIN PLANT FLOW DIAGRAM
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REYNOLDS META LS COMPANY

DESCRIPTION OF PROCESS

T he spent potliner treated at the Gum'Springs site is a dry material with aggregate
sizes ran ging from fine to greater than ane foot. Spent patliner is transported to the
treatment facility in 20-cubic yard capacity, water tight containers via rail cars or true s
Forklifts are used to off-load containers at the ou tdoor unloading area. The containe s
remain d osed during storage until the paWner can be removed and prepared for
treatment.

The spent potfiner pretreatment area is located ent irely within 'a building at the facility.
The unloading station is used to distribute the potliner materia l uniform ly onto l~e I
conveyor belt that runs through the picking I sorting area where very large pieces of
material and non-potliner are removed manually and m::lgnel ically. Th e materi al is 'en
passed thro ugh a grizzly screen which diverts any remaining large pieces tnto a tote
box for separate removal or treatment.

The spent polliner is fir st delivered to a screen (SC..Q2) located prior to the jaw crusher .
The larger material coming off ~is screen passes through the jaw crusher. The smaller
material is discharged through the screen and conveyed to another screen (SC-06) .
The smaller material passing through this screen is conveyed to the cru shed pot1ine ~

storage building, while the larger material coming off screen SC-06 is returned to th~

materia l stream exiting the jaw crusher. In summary, the spent pottiner meeti ng the I
sizing requirements for thermal treatment is re moved from the cru shing circu it prior to

crushing. .1
After 'the jaw crusher, the ferrous and non-ferrous tramp metals are removed via cress
be lt magnets, magnetic head pulley conveyor, eddy-eurrent aluminum separator, an~
screens. The spent polliner is then conveyed to a screen (SC-03) just ahead of the I
impact mill. Material passing through t" is screen is conveyed to the crushed potliner
storage building for storage prior to thermal treatment The malerlal not pass ing screen
SC-03 passes through the impact mill for size reduction. Aller Ihe impact mill, the
malerial is conveyed 10 a screen (SC-05) 10 remove particles siZed for thermal
treatment Any material needing further size reduction Is recycled back through the
tromp metals removing equipment and screen SC-03 .

The plant has the capability to dump the recyde material to remove it from the system,
if nece ssary. Proper ly sized solids are sent 10 the crushed polliner storage build ing:
All conveyor systems throughout the pretrea tment process are covered and dust
collectors are 10Caled at all material transfer points.

Once properly sized, the crush ed material is placed in the crushed polliner storage
building via a bucket elevator and a tripper conveyor. The storage building is fully
enclosed 10control fugitive emissions. Airfrom the building is pu lled through dust
colied Ors and emitted to the atmosphere Ihrough a 55-100t stad<. Fron\..,nd loaders

Xlt.:::J 13r2:l3Sl:n dH



are used to recla im the material fram th e piles and load it Into a rectar m hopper Pre
sized brown sand and limestone are each transported to the facility via truck or rail a~' d
stored in separate piles. These materials are also reclaimed using front-end loaders
and distributed into two sep arate re claim hoppers at approximately equal proportion to
the crushed potliner. Each material lra vel s by weighing conveyors to the kiln fe ed bip.
The conveyors are controlled by a PLC, en suring that each material is fed in the proper
proportion according to a preset recipe . The three mate rials a re continuou sly weighed .
and fed to the 400-ton capacity kiln ree d bin as required. As this bin holds severa l
hcors of feed to the kilns, it is fed inte rmittently.

The kiln fee d mixture is fed via screw conv eyer to or:e of two 250-100t long counter
current, rotary kilns operating either simultaneously or individually. Contact wa ter
and/or landfill storm 'Haler runoff is sprayed onto L'"Ia material in the s:.:cw conveyer,
Canted wat er contains spent pcttiner and is generated at the plant by cleanup andl9r
decontamination act ivities. l andfill runoff is storm water that runs off from the on-site
waste landfill. .

The landfill is only used for delisted ki ln by-product, so landfill runoff is similar in
charaderistics tocontact water.

Combustion a ir is fed to the kilns after being preheated (rom the exiting product cooter.
The kilns are equipped with seals to prevent fugitive emissions and aUCJ'IN for efficient
operation at an internal pressure below a tmospheric. The potlmsr is sUbjected to a
temperature of approximately 1250' F for alleast 90 minutes. The combustion gas
.streams from the kilns are sent through cydones and multiclones and then comb ined
prior to being sent to the quench towe r and fabric filte r bagh ouse for further particulate,
removal. The quendl tower mayor may not need to be used to cool kiln gases prior to
entering the baghouse. If operated, the quench tower is operated in sudl a Wfrf that
there is no liquid recirOJlation or blowdown. Solids from the cydones and final · I
baghouse are recycled to the ki ln. The gas stream is then reheated in an
afterbumer/heat exchanger system for further destrudion of air pollutants and emitted
to the atmosphere lhrough a 1DO-foot slack.

The treated product is discharged frem the k iln, coo led in a rotary cooler and sent
through a series of conveyors to one of threa product storage silos, whem samples are
drawn from each day's generation, composiled and tested at the on-sita laboralory.
Product meeting the delisting requirements w ill be transported via truck to the on-site
solid wasle landfill for disposal or will be stockpiled for marketing. Product not meeting
the deli, ling requirements will be sent Via recycle conveyors to the crushed potlinel
storage bui lding and ult imalel y back to the !<lIn for retreatmenl

To minimize dust emissions, spent potliner a nd treated product conveyors are covered,
lhroughoul the polliner preparation, storage and treatment process, both prior to and
following thermal treatment in the kilns. Fabric fi tter dust collectors are located at all
material transfer points from pretreatmenl tllroug/> loe<I.<>ut of non-hazardclus~ to
tha landfill. The active portion of the Gum Springs plant has also been designed to
comply with the storm water monitoring and discharge requirements of tha National
Pol lutant Discharge~nd Eliminat ion System (NPDES).

. ... . r ... "" . ... "T>"" ....... ,..
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The layout, structural , and funct onal etemerus of the entir e sp ent potliner treatment
faci li ty have been design ed (0 comply w ith Re source Conserv a tion and R ecove ry Act
(RCRA) facil ity stand ards under 40 C.F.R. §§ 264, 265 and 266 . Siandards for testin
storage and containment of hazardous waste have been buil t into the design and
operating co ncept. Storage units tor potl iner, bath prior to and followi ng the rmal
treatment, are prov ided wi th appropriate ccnta inment structures to comply with the
ReRA standards (or con tainment of so lid nazarcous waste.

The equipment decontamination area, the on ly area in the pla"r.t where liquics are
handled, includes a containment sump and an impervious surface coating.

WASTE FEED

The waste feed mate rial is made up of no more than 3S percent aushed polliner. The
remainder of the material is comprised of limestone and brawn sand.. The maximum
feed to the kilns is 30 tans/haurlkiln. This represents a 25% ina-ease above the
previous hourly rate of 24 tanslhcurlkiln. Tbe volumetric gas now rate through the ki ns
has not bee n increased becacse the previous flow rate of 208.579 adm (53,147 dscfm)
represents the maximum flow rate. Th is was done to present a "worst ca se" scenario
for estimating emissions associated with these two sources.

Contact water and/or landfill runoff is also fed to the kiln at a maximum rate of 5 gpm,
As this water contains less than 0.1 percent solids, it adds less than 0.01 perc ent to he
total feed to the kil n. Spent potliner is del ivered to the site from both Reynolds and
non-Reynolds sources throughout North America.

KILN COMMISSIONINGIOPERATIONrrESTING

The kilns at the Gum Spring s plant Yfere commissioned and started as follows:

Kiln No. 1:
Kiln NO. 2:

April 1994
August 1993

Following a shakedovm period. each kiln and afterburner reached full operating
capacity within 4 - 5weeks aIler startup. The kiln(s) are fired by natural gas bumers
and are heated upon start-up until both kiln system and afterburner are above
permitted temperatures, and with in other permitted operating conditions, prior to
potliner feed being conveyed into the kiln. If at any time perm it conditions are not
maintained throughout the syslem, waste feed to the kiln is automatically shut off.
Permitted operating conditions within the thermal treatment system are monitored b a .
series of weigh belts, flow meters, thermocouples, pressure transmitters, and redundant
stack gas monitoring instru ments.

OPERATION OF THE PO TLINER STORAGE/CONTAINMENT BUILDING

In complianCe with new regulations promulgated by US EPA under~40 C.F.R § 264
Subpart DO. a crushed polliner storage and containment building was construcled at
the Gum Springs plaht. The conta inment bu ilding stores prepared spent potliner in ' n

0::-. ... .,...,., ....... 0
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environrnentatly sound manner pri er to therma l trea tment. After crushing and sizing
operations , the potliner is conv eyed by bucket elevator to a tripper conveyor wh ich
builds approximately t -s-toc t high pi les of crushed potli ner within the central wor king
area of the corrtair-rn ent build ing . Key features of the containment building are as
follows.

1t provides a primary barr ier sufficiently durable to withstand movement of
personnel, waste and handl ing equipment within the bUilding;

Fugitive dust em ission control is prov ided by use of I.D . fans pulling 33 ,
acfm through the building which ex hausts through the potliner storage
building dust co llectors;

It is mainta ined and operated 10 ensure waste containment and to prevent
tracking of potliner outside of the building by per sonnel or equ ipment;

•

•

It complete ly encloses the pctliner storage are a with a floor, walls and a r1 0f '
to prevent exposure to the elements; the walls are of sufficient st rength a d
thickness to prevent collapse or other fa ilure except for a tight weight doo
and conveyor openings which are designed to operate in a manner that
ensu~es that waste does not come In contact with Of" migrate through theSr .
openings;

The potliner storage piles are operated in such a manner tha t patliner doss
not come in contact w ith the 'containment waH; . I
No visible emissions are exhibited during routine operat ing and maintena~ce

conditions or when vehicles and personnel are entering! exiting the bUildir ;

The floors and walls of the conta inment bui lding are maintained to be free of
significant cracks, gaps , corrosion or other deterioration; J

Periodic inspections of the above conditions are maintained in the .operatlng
log of the facility.

THERMAL TREATMENT SYSTEM OPERATING CONDITIONS

The operating conditions for startup, initia l full scale operating and source testing of the
systems are given in the existing P<llTT1~ 1016-AR-2, and are n ot repeated here.

PROCESS UPSETS

Process upsets that may occur during operation of the kiln system are the following

8 . Permitted operaUng conditions not maintained;
b. loss of name to kiln or afterburner,
c . Quendl tower failure during high ki ln exit gas temperature : or
d. loss o(power 10 plant.

OCT- 28-1996 1S: 53
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SHERM2VA,.UMLTVA COMPANY
Division of BPU Reynolds

P. O. Box 9911, Corpus Christi, Texas 78469
Telephone (361) 777-2352 FAX (361) 777-2218

February 6, 2001 .

Susan Clewis
Texas Natural Resource Conservation Commission
6300 Ocean Drive, Suite 1200
Corpus Christi, TX 78411

Re: Red Mud Inquiry

Dear Ms. Clewis,

Thank you for your inquiry about our Red Mud Residue on behalf of
the public.

Bauxite is a naturally occurring earth material, essentially a weathered
soil found at or near the surface of the earth. It is surface mined and is the
principle source of Aluminum Hydrate worldwide. In addition to the
Aluminum Hydrate, Bauxite, depending on the source, can contain trace
amounts of almost any of the natural elements in the periodic table.
Aluminum Hydrate is a feedstock used in the chemical industry to produce
products ranging from Maalox to sandpaper and water treatment agents.
The Hydrate can be further refined to produce Aluminum Oxide (Alumina)
which is used as the raw material in Aluminum Reduction plants to produce
Aluminum metaL

The R
au t 0 fit . a. t.is pOp'ularJy. called'

• ;e r:e mu and in :r- xas is classifie as a C ass II Non-Hazardous
dustrial Wast . Approximately one half of the Bauxite is "other" material

that we do not recover into useable products. The principal constituent, by
bulk, is a material we call De-Silication Product (DSP). Chemically it is a
zeolite (Sodium Aluminum Silicate), physically it is similar to an expansive
clay soil. The Residue also contains approximately 35-40% Iron Oxide, 6
9% Titanium Dioxide and a number of trace elements, most of which are



Although the property is not open to the public (access is restricted
under Mine Health and Safety Administration regulations) we can (and do)
arrange private tours for interested members of the public and regulatory
agencies. Texas Parks and Wildlife and U.S. Fish and Wildlife service
personnel are frequent visitors.

If1 can provide you with any additional information or arrange a tour,
please do not hesitate to call me at your convenience.
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~ Material Safety Data Sheet
~1 ("Essenti ally Similar" to Form OSHA·' 74)

; -ReynoldsMetals Company R·10B7·19 DATE PREPARED
2/14/89 .

REVISION DATE
, /5/95

MSDS #
5222

,NUFACTURER: Revnolds M etals Company
P. O. Box 27003
Richmond, Virginia 23261 -7003

EMERGENCY TELEPHONE NUMBER:
(804) 28i-2265

\ODUCT CLASS: Red Mud
~DE NAME' Red Mud

MANUFACTURER'S CODE IDENTIFICATION
Red Mud

::::::~~~1~2.~if~~~~;'E¥;~~@~~~~}~f~~i~lU~~~~~~§~~~~~~~~ilii~};Z~~~i~Wi{~fu]~}~~~~1;~~~i~~~~!~~~1

OSHA PEL ACGIH TLV
Respirable To;:al Resp ira ble Total

Hazard ous Typical Gas Dust/Mist Dust Gas Dust/Mist Dust CAS
Ingredients Percent ppm mg/m 3 ppm mg/m J Numbers

Zeolites 14 . 45
Hemat it e 19 -28
Goethite 19 - 28
Hvdroqrnssularit e 2 - 14
Anatase 4 - 22

The mineral compounds above
may contain crystalline silica J

(C " C, # 14808·60-7)
· ·_ · ........f . , . ~:..: -: . ; ~.•..:': r:\t.._~.. ,. :-"~"f\............... ,.:;.- .;;.;•.~. • - c-c .~. ...,........~.. .- ., . ,.· ,1" f" . .. .. , "~'\'''' : ~"""I" '1 "" I.~.t!~' :; ~' ..... :1 .. ... . 'C.l:.\ .-l'._ ;.u.-:lll ' ''''_ ·...... l· !'''....-;.:;Irw- -;.- · .-...... ....... \ .:-.....:t • .

BOILING POINT: N/A FRE~ZING POINT: NtA
SPECIFIC GRAVITY: 3 . 1-3.8 SOLUBILITY IN WAT~?: Insoluble
VAPOR PRESSURE: N/A PHYSICAL STATE: Solid
VAPOR DENSITY: NfA pH: NfA
COEFFICIENT OF WATER/OIL DIST: N/A EVAPORATION RATE:N/A
ODOR THRESHOLD: ND APPEARANCE/ODOR: M usty odor . reddish-brown color

=LAMMABILlTY: YES?

=LASH POINT (Method Used):

NO? X WHAT CONDITIONS? N/A

UEL: N/A
LEL: N/A

MEANS OF EXTINCTION: T his product is not combustible.

SPEClAL PROCEDURES : None known

AUTO IGNITION TEMPERATURE: NtA

SENSlTIVITY T O IMPACT: None known

ND = NOT DETERMINED

HAZARDOUS COMBUSTION PRODUCTS: None kno w n

SENSITIVITY TO STA TIC DISCHARGE: None kno w n

NtA .. NOT APPLICABLE
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R~AL PROTECTIVE EQUIPMENT:

,OVES: As needed.

'EWEAR: Safety glasses or goggl~s, as needed.

;SPIRAT ORY: Use NIOSH/MSHA-approved particulate respirator , as needed .

lOTWEAR: Safety shoes , as needed.

•OTHING: Long-sleeved shirt.

~G1NEERINGCONTROLS: Local exhaust, as needed.

:AK AND SPILL PROCEDURE:
It is recommended that purchaser establish a spill management plan for this material which includes a procedure
'to ensure safe handling and, if required, proper recovery or disposal. Any runoff or water leachate which m ay be
formed should be collected, analyzed, and treated if required.

IA STE DISPOSAL:
For disposal of this material as a waste, act in accordance w ith all applicable federal, state, and local w as te
management regulations.

ANDLING PROCEDURES AND EQUIPMENT: None Known

TORAGE REQUIREMENTS: None known

PECIAL SHIPPING INFORMATION: None known

;K1N: Wash with soap and water.

.YE: Immediately flush with water for 15 minutes. Seek med ical attention if irritation persists.

\IHALATION: Remove to fresh air .

'lGESTION: None necessary.

~11 statements, technical information and recommendations contained herein are based on tests and data which this
:ompany believes to be currently reliable, but the accuracy or completeness thereof is not guaranteed end no warranty of
Iny kind is made w ith respect thereto . This information is not intended as a license to operate under or a
ecommendation to practice or infringe any patent of this Company or others covering any process, composition of matter
rr use. Since the Company shall have no control of the use of the product described herein. the Company assumes no
ability for loss or damage incurred from the proper or improper use of such product.

TOTi=lL P. 04
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REYNOLDS. .
C'gf.';.1.L,J'y Enmranmental Qualzty

The Reynold! Mcfall Company Sherwin Alumina PI.at, located near G regory, T u :as, ' a
uniq ue a rea fadUty perched OD tbe North shore of Corpus Christi Bay. In :a rqioD whIch
relies lor much of ih employment aad eeeeemle bue: OD tile oiJ rdining and petrocbem.i~.1
indwtry, • Bauxite rdiDen prnenb cb2J1engH wbole nope and seale m:ay be difficult lt"
relate in tum! of tbe aurroundlng industry.

Ph ysi cally, t he ShuwiD fu:ility encompasses more than 1600 acres at the G r egory site .~d

10,000 aens at the as sociated Copano Red Mud storage facility, known in tbe plut as
"Facility 204'" Tbe Refinery plant itsdl occupies onty about 165 acrt3 of the 1600+ aCl"d at
the main plant Joca tion, the balanee a ssociated with raw materialJ storage, .dmiDiJtnth~~,
circ ulating proces. ponds, frub water ruervoirs, older recl mud Itorage beds (known as the
"J()(aJ beds" ) and the pne!ently lDothbaUed .lire or the fQrmer SaD Patricio Red uction P1aD~

a. wcll u sjgDificaut are.. of'vDdevc'opcd open , pau iDhabited by wildlife. .

PLANT mSTORY

The property on which the Sberwin flallt DOW "hnd. wa. once .. part oC tbe 165,000 eere
ColemaD-Fulton Puture Company, bown Ioc.aIJy at " tbe Taft Ranch" (it included tbe Ille
of the eee time . ummer home of President WDliam Howard T aft). In 1951, R.cyJaold8
Metals Company purc:baHd 1600 aero of the property alld MgaD eODstnJctioD of ~e

Sbcrwia Alumina Plant and in companion, tbe San Patricio RedUc:tiOD Plant. Botb pla..tI
opened in 1953. Wbile the Sherwin Plant is .tID • vilal part of the Reynolds Metlw
Comp a..,. raw materials chain, the SaD Patricio Plaat dosed JD tile early 1980" a victim! to
rising eoel'iY prices ••d competitive fon ip dletal8 prodllrtion. Toda,.. the Sherwin PbDt
it oaly remaining: Nortb AmeriUD alumina plant la the Reyaold• •)'ttem end is ODC of oD.1y
three such plaDts still openting in tbe Uni tcd Starcs.

.....-- ....... ........... ..,.. . c- ...
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PLA.'iT FACTS

Alumin um is Ob C cf t be lDos t plentiful el emen ts io the E arth ', crust, so me Um eS fouod in th e
form of Aluminum Ostde (AJ:zO,), but usually te the hydrated form (AlzO:so3*10;
A1:zO,"H:!O) Dr in combination with ot h er elements (days. zeetites, etc. ), Entb malcriah
which c0 13 taia sufficicmtl)' high eeacentrarioas of the hydrates t o DJak.e extrartioD,
~oDoro i c,. lly f"-Sible have beeeeae kDOW1l coUectivcty as " Ba uxit e". The Doge of varilltioa
of chemical l::ompositloDS is quite broad but is r.airly con sistent amoag regional depo~itJ.
Pet-sons f1milia r with ·t be indul'try are typically able to predict quite accuratelyIthe
cbemic:11 composition of Bauxite jwt from regional Dames 3uch a.s "Jamaican", "Bcke",
" G uy::.r.loI " , " T r e eabe taa " , " SuriDam" . " Bin ten" or " W ri p...", The Sherwin P lant.
oTigio:llly designed to proeess a slagle grade, ItJamaiC'an" , ba, been modified over tbe y~an,
30 th S1: ! :i t ~ now capable ofpnKQ3Iing many oftbe available grades of Bauxite, either alone

or in t.. ~cD ds. I
The rcfi 'O. \':ty proper is a modified ·'Bay er Preeeas" alumina planL The " Bayer Proccn"
itseJr ;... an endless loop .around wbieb a ateady flow of " Bayer Liquor" La pumped. ~be
liq u jll v ... i.:s in c=huuieal cODsUitenQ throucbO\lt cbe precess and is both tbe utnctioD jaDd
tranl i .. It""±" med ia for tbe process c.hemic..ab. The COaJUDC attin i.ltgndient of this "liquor"
i5SOC.b U71 byd roxide., or caustic mda, in which the aluminum hydrate is fint dissolved ft.om
• ba u--; it r slu r ry at high teeaperaeuee, tbtn clarified, fmally cooled and allowed to
precij-us .t e into c..,.s~l.s. The crystab arc .ben wasbro.ruterm, and fmisbed into one of tbe
lntertned ia te OT finalilroducts. J
The r ·;-ocipal cod product or the Sherwin PI:aDt b metallUrgical grade"Alumina, essee lOy
pu r e ....: ..""j·lUm ome (AhO.l) from whieb the water of hydration Jus beee removed by lul:h
tem pt.''' lII i lJ. re ealeiaatioo. Intermediate productJ such u "dry Hydrate" (RB-30) and " wet
Hyd r -e re" (RH-20) (whith stiD c:oataia the water of hydration) an used as fftdstocks jailtb.
chc=m ~:.: ".. { l>roduds. pbarmaalldtal. plastia, paiat ud detergentl iDdustria.. All DC the
prod .cts, elpecially the Alumma wbia makes up the ~ear bulk of the plant"1 production.
enjoy rr...: toviroomeo tal adv••tap of bciog ~mtiallychemically inert.

The "Baver Peoeess" loop, while buieally CGotiauous, extends over a circuit mon rh D a
mile 1d I~D gtb and is made up of literally hundreds of miles or piping, thousaodi of valves
and hundud s of pump. ofvarious types. At auy time, the circ:uit toatahllS IIp to 150 m.uUoll
pl1on~,; of water and Bayer Uquor in drcUlatloD. This sohdion caD cOlltaiu of upwardS to
SO,OOO iIlt: tri ( tODI of cauldc soda, 50,800 metric: toDS of aluminum bydrate, together ~lth
was te pr eduete, impurities .ad makeup water. Eacb day. depeDding oa the iDtcnded,
prodaetkJo. level. up to 10 ,000 metric toni or baUIltc are added to the c:irculatJog 1iq,ltlor
strea m in order to produce as mueh at 4,400 mttrie tOb S of finblaed produch alld 3,600
metric: toni (dry weight) orRcd Mud tailiDgs eaeh day.
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The production of .. sinde metr-ic ton of metallurglcat grade alumina requires tbe
cons u m p tion of apprmdlDlIItely 2 tenues 01 bau'litt~t 100 kg of sod iu m hydroxide, 17 biUioo
J nulea of energy and approximattiy 4.5 toaues of water. . I
Th e Sherwin pl aot operate, a self-<:oola m ll:d 36 megawatt eogeeerartoe stcamJrlttfric
power plan' an d, in addition, pu rchases from 1 to 20 megawatt! of elect r ic p01"cr

depeDding aD the plant production level. . I
The Sherwim Plant prOCtUt5 a bout 3,000,000 • 5,000,000 metric: tODS DC imported Bau~te

eaeb yu r into 1.2-1.6 million metric taD' of chemical and metallurgical grade AJuminJi
products, 1S -/. of""hidt are eaperted. Tbe plaDt maintAuu and operatu its OWD hulk. c::irgo
marine termlllal 00 fbe 4S ft. deep La Quinta Cbannel of CorpUJ Christi Bay. It Is oOf of
the largest mui!l't tenr.iItal! j!l tbe P'3r1 of Ca rrull Christi. About 100 largt dry bulk
(amen caU It our dod,. eacb )'car. Tbe terminal inel.des two eomplete and up8nre d~ck
fuilities; F.r.5, which unloads bauxite from bulk carriers, and Fac.90, which loads finis~ed

al um in a iDto ship. and barges. Botb docks share tbe capability of receiving deliveri1 of
caustic soda or other liquid cargon from bulk barga;bowever, the terminal does ~ot

transfer any oil or other pdrokum products. I
The plant employs abollt 800 people, The ~a.. t is over 40 yean old, IuviDg started,
opuariOQl in 1953; bowever, mon thaD S 70,000,000 hu been invested in mOdtrn..izatioD
projectJ In the last 7 yean aloae. The plant is :II zero water disch8r"&c facility and ruy ' les
all o! it! water uettl nul evaporation.

...... ~ ~.....
Xti .=l 13r ~ 3S ti l dH

. '"
WtiO v :B ~ OO Z s z d a s



". ~<

- .. . . ~

ALU;\tL"'iA EXTRACfIOl"

PRO CESS n ESClUl'T JON

FUNCfJON OF THE PLAtH

T h e primary fundioo of the S berwm Plaut is to sep antte alumina (cb emically AJ10]) fro m
other lXIalerial, In ib ore (bauxit e). III order for a lumina 10 be lIuitab le (or (ur1b~ r

procusiag to h igh grade .alumi nu m metal it must rootaiD 99+ pereeat aluDiina. I
The Sherwin P la nt u ses .. modified Bayer pnK':fl.!J to p roduce alu m in a su it ab le ( Dr

processing 10 h igh grade aJumiouCD metal. T h e (ollowing proces5ing steps a n: used t o
produce tbe alumina [refee- 10 attached procas no.. diagnDl).

1. Bauxite.ullioadiug, coaveym g. sampliag, aed storage.
2. DiiC3tioo-Grindiag oC bauxite aDd diuolviDg·of the alumina iu a bot spent

sod ium -alum in a te solution 10 form a pregaaot (super -u t urated)
sodium-aluminate ,olution.

3. M ild settlen-Settling of mud from tbe pregnant sodium aluminate solution.
4. M ud Washing-Washing DC the sodium-al u min llte solution from the mud

prio r 10 ston ge.
S. Wasb W ater-A £OmbiDatioa or r ecycled water recevered i n pla.Dt operations

aad raw (1lDtnatcd.) wahr is used to wad. the mud.
6. M ud S ton ge-W as te mud ill stond in CODtained drying beds.
7. Mud Filtratioa - Prqnant (""~eo") sodium-&Iuminate soluti oD is filtend to

remove tbe last traces of be mud putida which did Dot ,ett~

8. Heat ExclllDge-Pregnant sodium-aluminate .10111000 i. cooled by beat
adaaDger equipmebt.

9. Prccipitatioo-Crystab of aJwui.ua-trihydrate (~03)(J1I10) are formed by
furtber cooling of tbe pregnant sodium-aluminate solution.

10. F iJtration-Cry stab of alumina-mbydnte an separat ed from the DOW speDt
sod.ium-d um inate solutiolL

11. CalciaatioD-Crystals of AJuDLina-trihydrate (~O)x3H10) are converted to
alumiDa (Al10 J) by baring in furuans (kilns) to very blgb tcmpentuns.

12. Alumina Cooliog-Alami.u is £Ooled in fluidized-bed coolen to •
temperatun which cab safely be b.••dled by coDveymL .torag~ aDd ship p in l:
equipment.

13. A)1l1llilla. CODvtyiag-AJumizu. is conveyed. to storace by air slides, cllclosed
belt coaveyon, aDd buwt elevaton.

14. Alumina StDra~and Sbipping-Alumina is stored in silos uD'il .hipped.
15. Evaporatioa-Wuh water used in the pro~esl Is removed from tb e spellt

, odham-. Jumia ate solutioD 1ISiDg multi-cffect n'aponton.
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16. Boil~n-Stum for plant pcoce1!i h~ 2 ti D g requirements and fo r gene ra ling a
portioD of p lant rlectricit)' requkemeot l is su pp lied by 11 boilers.

17. COOl jDg Towc:r- E.xcu !i jow-remperature level heat 15 removed from the
eva pora to rs by cee tiog with air.

A de ta iled di:!Cllssiod of ea ch or tbe a bov e p rocessin g s teps follows :

1. BAIIXITE, .

Bau xite is t be pe-ieeipal ore used to produce .alumina. Ores used in the S herw in Plant a e
brought to tbe pl ant docks in hulk eae-rier ships. These ores are obtained from orb r
naUoos. Approximately 10,000 dry metric tODS per d.y or O~ is requ ired t o supply t,.
Sherwin Plaut at maximum prcdecrien rates,

Bauxite used in tbe Shuwin Plaut contain! ccmpeunds ofalumiDum, iron, sili(:OD, titanium,
and In" lmpuriUes. ADalysis of t be bauxite varies (or tbe diO'enllt SOUf"Ca. UoloadiDg ~
accomplish.ed by Ip« ia Uy d£SigDed unleadera and eeaveyed to storage buildings. "The
untoaden aad eceveycra are equipped. with bag type d Ult eelleeters ,

1. DIGESTION,

Fro m the bauDte stanle biDs, the ere is bandied by belt feedtn equipped wi th scale" 0
accurately ""u gh u d add b.a:1ite to grindillg m ills. Recyeled spent sodi um.a1uminafe
liquor is added to the IIliUs sucb that the bau.Ute is Cf'OWld wet, The thick slurry from tie
grind ing mills is pumped to a group of ho ldillg taDu 'Wben tbe ' ilicoD ill tbe liquor and ore
is allowed to cr'Jsta1l1zc before more recycled sp en t sodiuDl-aJumillate liquor is added. I
T he cQmbined sluny aud recyeled spent sodJum...l.minate liquor b pumped to Jarc,e
dir:eshr vessels when it.is hated under prasure to dissolve alumina trom the slurP'
conla-iniac tbe grGGod banxite and produce .. aupenaturatecl sodium·a1u.m.iD.ate liquor.
Heating is ac~mpllJlaed uaiDa higb·pr~5ure (600 pound! per square (Deb) steam from t e
bflilen.

Tbe heated prepaal liquor aloag with the mud is cooled to below boillDg temperature
prior to pumpiag totile mod Kttlers.

3. MUD SETD,ERS:

The . 11UTY of prepant liquor ,.lutioD. and mad b fed to . g.roup ofscttlinl tamla wbere the
mud Kttlt=ll 10 Ihe bottom and is pumped to • sy.tem of m.ud wuhi.Dg taDks. Thed~
pngDaJlt IiqllOr CODbiDiD g tnces of fiDe mud overfJoW1 the mad HttIer tanb aDd h
p.mp~d to rUten for furtbu parifie2don..
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4. MUD..F-ASHl.I'ffi:

Mud wlisbiag is accomplished by pumping wash water stage-wise into the mud stream in
the opposite direction to the mud flow . Mud Ilows down through the mud wasbing ta ks
and the wasb water nows upward. At tbe top of the mud washing tanks, the water
overflows the tanks and is pumped back into the mud settlers where it combines with 'he
pregnant liquor Jeaving the bottom 01 the mud washing tanks and Is pumped to Red l'rlud
drying beds fOI" storage.

5. WASH WATER:

Raw water (unt,.eated) i.5 to supplement recycled water obtained from plant precesses to
!lUpPIy wash water for-washing mud prior to storage. .

6. MUD DiSPOSAL.

A Dumber oC diked, ceataiued drying bed! are used to store the mud from. the alu na
production process.

7. MUD FIl.TRATION:

The lut traces of fine mud are remove-d from tbe pregnant liquor by pumping the solu on,
through a group cf pressure fiUen. Cloths are used to filter the mud from tbe solution.. be
pregnant Ilquer Is pumped to beat recovery heat eubaagen for further COOling.

8. HEAT EXCHANGE:

The pregnallt liquor plUSes through ..beD. and tube heat ·uchaagen tor further cooJiDg
prior 10 being pumped to precipitadon. Doeat extrach~d from this ..tream. is ReOvercd ad
used to hut recycled spent liquor. The aecunte r-egulation of tbe precipitator fill
temperatun ddermines the nte oC precipibltion and tbe ultimate n:tndioa rate of
Aluminum Hydrate crystals from the solutioD.

9. PRECIPITATION:

The pregnant liquor b pumped into 100,000 gallon bolding tanlu (called pncl.pitat~n)

where it 11 held for approsimately 30 houn witb agitadoD aud (UMber eooliDg uutil uyt.tals
of Alumina-trihychate (Al10]X3H10) arc fol1Ded. Form.tioD of these crystab is accele~edby adding previously formed Cry3talJ (seed Crylltab) to the tanks .t the start of the 30 htU'
holding period. The plant precipitation system bas 215 of tbe 200,000 gallon tanks..

. .
At tbe end of the 30+ hour holding perfod, the contents of the precipitator tanks Ia n
pumped to settling taDkJ "here the A!uDllDa-tribydrate crystal" sertte and the now eot
liquor with about one-baJr of the slumina removed overflows and is pumped to evapora on
for water removal.
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A thick miJ:tun: of spea r Sod iu m-A lu m ina t e liquor and coarse Alumina-trfhydrate crystal!
is pumped to mten for furth er washin g and dryiD g.

10. HYDRATE FILTRATlO1; ,

Al um iDa-tribyd rate slurry is fed to a sy stem of rotary drum9 belt. aDd pan filters wb,re
most or tbe sp en t liquor is removed by applying a vacuum to the filter cloth. The partially
dried cake of ery1cal!J is tben subjected to a staged washing with recycled COOdensate jto
r emove aU but trsees of tbe Jil)luli oo from the crystal cake. The crystal cake is then
conveyed to furnaces (kilns ) for furtber procesabrg, I
The speDt liquor aDd ceedensate removed from the filter cake is returned to the
p r ecip ita ti on ana and combined with th e spent liquor ov~rflowing tbe pncipltattoD area
, ettJ iDt tanks.

11. CALCINATION:

Some of the ...ashed alumid.a-trihydr7lle crysbJs an eeaveyed 10 drien where he
nmaiDing lu rface mo bturr is removed, The dry alumiDI-tribydrate (AJ10 ]x3HjO)
containing chemically combined "ater is conveyed to storage silos weere it is loaded bUD

t rucks or rail can {or shipment to rustomen. The drien and aJDn)'on are equipped ,rlth

dust ~1Jeeton. J

The remaizU.ag washed alumioa-trihydnte crystals an ronveyed to furna ces (rotary IdllUI

or gu lupeusioD cakinen) where the chemically combined wlter in tbe alumiDa
tribydwe (Al10 3xJH 10) iJ driven 011 to preduee alumiu (A~OJl. These kiloJ heat ;tJle
crystals to tem pc:n hlru of approIimately 21000 F. The SbenriD. PlaDt bas the c:apacity to
produce abollt 1,600,000 metric toilS of .1umiDa per year. Tbil it eaoucb alllm.lna' to
produce about soo.OOO metric toal of alumiDum per year.

12. AJ.lJMlNA COOUNG,

T he air ued for combultioD in lbe kilJulc.alciuco iJ pre-b.nted' by rccovuiac beat from the
bot ala mi DL Thil kal ncovcry by the a ir .stream paniaUy cools the bot alu m m L The
alu.m.iD. JellVing the laid !)"Stem thea is further tooled by • beat nd.&.Dle with caGUng
water. Guel dbcha,.pal from the kilos pan through electrostatic precipitaton to reduce
the atmospheric. particulate emlNiolU to leveb below Oe limits set by regulatory .Ieatl~

13. 6LlJMlNA CONVEYING

Cooled . lumiDa il cODft)'flI to storage silos where it is .held prior to Ihlpmeot to o~btr

planb fot dectrolytic: reduction to alumi.a.ulD meta). Bag-Wter dUlt colJecton an installed ·
OD tbele toD.vcyon to return fugitive product dust.o the produd: stTeam.

nrT_~_~qq~ t ~ :~

la: od
Ci.1? 77? ??1 1=l

XbI.:l 1 3r~ 3Sbl l dH

p . ? 1

W bl l ~ : 8 LOOZ 9 Z das



..' ' -~

14. SIQRAGL AI'D SHIP.I'J.l'ffi.,

Alumina i5 transferred frtJUJ tbe silos tu rail ca n , bar-5:,C5, o r s h ip! by conveyor. Thf
conveying eperanons arc cov ered and contained to prevent the alumina from bci D~

contaminated b)' wain or other impurities. The conveyor housings a re equipped with bae~

Iilter- dust coUcelors to reduct' the level of dUJt to tb e atm.ospbnc to leg21limits. Aluml.D.
loaded tor sh ipment is moved to otber pIlau for eenverslen to alum inum met.al b)' an
electrolytic precess.

15. EVAPORAIIO N,

Tbe spea l Sodium~AhlmiDa tc liquor overflowing tbe precipitation process settling tanlf'
conUiin iD g the water added to wash the mud aad hydrate is pumped 10 multiple-effect
evapontor units. These unit, hut the solution and boil off the eJ CC3l11 water. Tbe tXt~S
water Y8por is ecedensed and recycled to tither tbe boilen I.J boiler Ieed water or to the
hydrate filt«:1"S as wub water".

16. BOII ,ERS,

Boilen uperatiug at up to 850 pounds per square inch are used to supply stea m to beat tbe
digestioD and evaporation processes and 10 turn generators to produce a portion of tl-e
electric:.ity used in the plal1t. The boiJen have the ~pacity to couvert up to 950 sh ort tOD S pf
water per hour to steam. In plant sustainable electrical generation ~apllcity h about 36,000
kw.

17. COOLING TOWERS,

Heat picked up by the circu. latiag cooling ••her strum used to eeadeuse ibe water vapor
prodD~ by tbe evaporaton bremond froid lise dreuJanag st ream in tbe tooling lower.
The warm cooling water coming froal tbe tvaporaton ill cooled by 3praying tbls water idto
the air st ream peeduced by large faDS.
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Chapter 3


Alumina Production


The domestic alumina production (bauxite refining) industry consists of five facilities that, as of September 
1989, were active and reported generating a special waste from mineral processing: red and brown muds from bauxite 
refining.  The information included in this chapter is provided in additional detail in the supporting public docket for this 
report. 

3.1 Industry Overview 

Bauxite refineries produce alumina (Al2O3), which is used primarily as a feedstock for the aluminum reduction 
industry.  Four of the facilities are operated by major aluminum producers, two by Alcoa, and one each by Reynolds and 
Kaiser.  The fifth facility is operated by Ormet, which produced only about 1 percent of the total reported 1988 alumina 
production.  Kaiser Aluminum is ultimately owned by MAXXAM Inc. of Los Angeles;1 Ormet, owned by Ohio River 
Associates in 1988, is currently owned by Oralco Management Services Inc. 

The dates of initial operation for these five facilities range from 1952 to 1959, with the individual plants having 
an average age of approximately 33 years.  All of the facilities have undergone modernization, with the first in 1965 and 
the latest in 1986.2  The locations and ore sources of the five facilities are presented in Exhibit 3-1. Total annual 
production capacity for the domestic bauxite refining industry, as reported by the facilities, is approximately 4,900,000 
metric tons.  For the five facilities, the 1988 average capacity utilization rate was 83.5 percent. Excluding the Ormet facility 
with an 8.9 percent 1988 annual capacity utilization rate, the rate for the sector is 91.7 percent.  The total reported 1988 
production of alumina was 4,086,000 metric tons.3 

Strong demand for primary aluminum and elevated aluminum prices have led to steadily increasing consumption 
of domestic and imported bauxite and continued increases in alumina production in the U.S. since 1986.4  In order to meet 
the growing demand for alumina, bauxite refineries have averaged over 90 percent capacity utilization over the past two 
years.  Recently, expansion in bauxite refining capacity has been focused outside of the U.S. It is likely that this trend 
will continue in the future, with major capacity additions likely to occur in Canada and the Middle East.5  In addition, 
new plants using new technology may have to be built to produce alumina from the numerous non-bauxitic materials, 
including clay, coal waste, and oil shales, that are good potential sources of alumina.6  Development of such technology 
would reduce U.S. dependence on bauxite imports, which comprised approximately 95 percent of the total 1989 U.S. 
consumption of bauxite.7 

1 MAXXAM Inc. is the parent of MAXXAM Group, Inc., which owns Kaiser Tech Limited, the immediate owner of Kaiser Aluminum 
and Chemical Corporation. 

2 Alcoa, Kaiser, Ormet, and Reynolds, 1989.  Company responses to "National Survey of Solid Wastes from Mineral Processing 
Facilities," 1989. 

3 Ibid. 

4  Luke H. Baumgardner, U.S. Bureau of Mines, "Bauxite," Mineral Commodity Summaries , 1989 Ed., p. 23. 

5  John W. Moberly, "Aluminum: Capacity Rise Stabilizes Price; 121st Annual Survey and Outlook," E&MJ, March 1990, p. 41. 

6  Patricia A. Plunkert, U.S. Bureau of Mines, "Bauxite," Mineral Commodity Summaries , 1990 Ed., p. 29. 

7 Ibid., p. 28. 
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Exhibit 3-1

Bauxite Refineries(a)


Owner Location Ore Source (1982) 

ALCOA Bauxite, AR (b) U.S. (Bauxite, AR)(c) 

ALCOA Point Comfort ,  TX (Confidential) 

Kaiser Gramercy, LA Jamaica (d) 

ORMET Burnside, LA Sierra Leone, Brazil,  Guyana (e) 

Reynolds Gregory,  T X  Austrai l ia, Jamaica, Brazil,  Guinea (e) 

(a) According to BOM sources, VIALCO, an affiliate of Oralco Management Services Inc., plans to restart operation of its Alumina plant at St. 
Croix, U.S. Virgin Islands. 

(b) According to BOM sources, Alcoa announced the permanent closure of its Bauxite, AR, plants on June 7, 1990. 
(c) Environmental Protection Agency, 1984. Overviewof Sol id Waste Genera tion, Management, and Chemical Characteristics in the Bauxite 

Refining and Primary Aluminum Industry. Prepared by Radian Corporation for U.S. EPA, Office of Sol id  Waste, Washington, D.C., November 
1984. 

(d) Kaiser, 1988. Personal communication with Kaiser representatives. 
(e) Bureau of Mines commodity special ist, June 27, 1990. 

The production of alumina from bauxit e ore generally follows five steps, as shown in Exhibit 3-2.8  First, the 
bauxite ore is crushed and screened, and then mixed with a caustic alkaline solution (NaOH). The slurried ore is then 
routed to digesters, where the aluminum is heated and solubilized as sodium aluminate (Na2Al2O3).  In the third step, the 
solution is cooled (from nearly 500oF to about 200oF) and purified. Sand (particles above 100 microns) is removed in a 
settling tank or cyclone and sent to disposal. Iron oxide, silica, and other undigested portions of the ore (i.e., the special 
waste, known collectively as red mud) are also removed in settling, thickening, and filtration units, and sent to treatment 
and disposal units.  The fourth refining step is the precipitation of the cooled and purified aluminum hydroxide using 
sodium hydroxide seed crystals.  The precipitate is filtered, then concentrated by evaporation; the resulting intermediate 
product is a hydroxide filter cake. The fifth and final step is the calcination of the hydroxide filter cake to produce 
anhydrous alumina. If hydrate is the desired final product, the hydroxide filter cake may be dried at lower temperatures 
than those employed for calcining. 

3.2 Waste Characteristics, Generation, and Current Management Practices 

8 Environmental Protection Agency, 1984. Overview of Solid Waste Generation, Management, and Chemical Characteristics in the 
Bauxite Refining and Primary Aluminum Industry. Prepared by Radian Corporation for U.S. EPA, Office of Solid Waste, Washington, 
D.C., November 1984. 
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Exhibit 3-2

Alumina Production


Red and brown muds are precipitated from a caustic suspension of sodium aluminate in a slurry and routed to 

large on-site surface impoundments known as red and brown mud lakes.  In these lakes, the red and brown muds settle 
to the bottom and the water is removed, treated, and either discharged or reused. The muds are not removed, but are 
accumulated and disposed in place. The muds dry to a solid with a very fine particle size (sometimes less than 1 ?m). 

Red muds from bauxite refining are generated at four facilities9.  The fifth facility, Alcoa in Bauxite, Arkansas, 
generates a residual that is different in color and is commonly called brown mud. The only difference in the operations 
generating the two varieties of mud is that red muds at Alcoa/Bauxite are sintered and leached to recover additional 
sodium aluminate, which changes the color of the material but does not substantially change the chemical characteristics 
of the waste.  Therefore, for purposes of this report, the waste generated at all five facilities, including the brown muds, 
will be referred to as red muds. 

Red muds contain significant amounts of iron (20 to 50 percent), aluminum (20 to 30 percent), silicon (10 to 20 
percent), calcium (10 to 30 percent), and sodium (10 to 20 percent).  Red muds may also contain trace amounts of elements 
such as barium, boron, cadmium, chromium, cobalt, gallium, vanadium, scandium, and lead, as well as radionuclides. The 
types and concentrations of minerals present in the muds depend on the composition of the ore and the operating 
conditions in the digesters. 

Using available data on the composition of red muds, EPA evaluated whether this waste exhibits any of the 
four hazardous waste characteristics:  corrosivity, reactivity, ignitability, and extraction procedure (EP) toxicity. Data 
are available on the concentrations of all eight inorganic EP constituents in four samples of red muds from three of the 
five facilities of interest.  Based on available information and professional judgment, EPA does not believe that red muds 

9 In the April 17, 1989 proposal to reinterpret the scope of the mining waste exclusion, EPA indicated that it "considers pisolites to 
be a component of red muds" (54 FR 15335).  In the final rule (see 54 FR 36592, September 1, 1989), however, the scope of beneficiation 
activities was revised such that pisolites are considered a waste from beneficiation rather than processing. Consequently, pisolites are not 
within the scope of this report. 
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exhibit any of the characteristics of hazardous waste.  In fact, the concentrations of all EP constituents (except selenium) 
in the leachate are at least two orders of magnitude below the EP regulatory levels; the maximum concentration of 
selenium in the EP extract is approximately 0.3 times the EP regulatory level. 

Non-confidential waste generation rate data were reported for red muds by all five bauxite refining facilities. 
The aggregate industry-wide generation of red mud wastes by the five facilities was approximately 2.8 million metric tons 
in 1988, yielding a facility average of nearly 564,000 metric tons per year. Reported annual generation rates ranged from 
26,000 to 1.2 million metric tons per facility, though the facility generating the least waste, Ormet/Burnside, produced very 
little alumina, accounting for only about 1 percent of domestic production.  The next lowest reported annual generation 
rate was 190,000 metric tons.  The sector-wide waste-to-product ratio was 0.69 in 1988; waste-to-product ratios for 
individual facilities ranged from 0.40 to 1.05. 

The impoundments that receive the muds typically have a surface area of between 44.6 and 105.3 hectares (110 
and 260 acres), although one impoundment is 10.1 hectares and another is almost 1,300 hectares. The depth of the 
impoundments range from 1 to 16 meters (3 to 52 feet), with an impoundment average of 7 meters. As of 1988, the 
quantity of muds accumulated on-site at the 5 facilities ranged from 500,000 to 22 million metric tons per facility, with an 
average of 9.7 million metric tons per facility. 

3.3 Potential and Documented Danger to Human Health and the Environment 

This section addresses two of the study factors required by §8002(p) of RCRA:  (1) potential danger (i.e., risk) 
to human health and the environment: and (2) documented cases in which danger to human health or the environment 
has been proved.  Overall findings regarding the hazards associated with red muds are provided after these two study 
factors are discussed. 

3.3.1 Risks Associated with Red Muds 

Any potential danger to human health and the environment from red muds depends on the presence of toxic 
constituents in the muds that may pose a risk and the potential for exposure to these constituents. 

Constituents of Potential Concern 

EPA identified chemical constituents in red muds that may pose a risk by collecting data on the composition 

of the waste and evaluating the intrinsic hazard of the mud's chemical constituents. 

Data on Red Mud Composition 

Data on the composition of red muds are available from industry responses to a RCRA §3007 request in 1989, 
a 1985 sampling and analysis effort by EPA's Office of Solid Waste (OSW),10 and a 1982 study by EPA's Office of 
Radiation Programs (ORP).11  These data identify the concentrations of 13 metals, 7 radionuclides, and 5 anions (fluoride, 
phosphate, chloride, nitrate, and sulfate) in the mud solids and/or leachate from all 5 facilities that currently generate the 
muds. Data are only available from EP (not SPLP) leach tests. 

Although the data from most of these sources and facilities are generally consistent, there is considerable 
variability for several constituents.  Specifically, reported concentrations of arsenic, chromium, copper, iron, manganese, 
selenium, and zinc in the mud solids vary by an order of magnitude across facilities, with the concentrations usually 
being lowest at one facility (which requested that its concentration data be treated as confidential).  Similarly, reported 

10 Environmental Protection Agency, 1985. Overview of Solid Waste Generation, Management, and Chemical Characteristics in the 
Bauxite Refining and Primary Aluminum Reduction Industries, Office of Solid Waste, p. B-1 and B-2. 

11 Environmental Protection Agency, 1982. Emissions of Naturally Occurring Radioactivity from Aluminum and Copper Facilities , 
Office of Radiation Programs, Las Vegas Facility, NV, p. 8. 
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concentrations of chromium, fluoride, selenium, and chloride in the mud leachate also vary by an order of magnitude 
across facilities. 

As noted above in Section 3.2, the available data indicate that red muds do not exhibit any of the four 
characteristics of hazardous waste.  Nevertheless, EPA further evaluated the potential for red muds to pose a danger to 
human health or the environment, as described below. 

Process for Identifying Constituents of Potential Concern 

As discussed in detail in Section 2.2.2, the Agency evaluated the red muds data to determine if the mud or mud 
leachate contain any constituents that could pose an intrinsic hazard, and to narrow the focus of the risk assessment. 
The Agency performed this evaluation by first comparing the concentrations of each constituent to screening criteria 
and then by evaluating the environmental persistence and mobility of any constituents present in concentrations that 
exceed the criteria.  These screening criteria were developed using assumed scenarios that are likely to overestimate the 
extent to which red mud constituents are released to the environment and migrate to possible exposure points. As a 
result, this process identifies and eliminates from further consideration those constituents that clearly do not pose a risk. 

The Agency used three categories of screening criteria that reflect the potential for hazards to human health, 
aquatic organisms, and water resources (see Exhibit 2-3). Given the conservative (i.e., overly protective) nature of these 
screening criteria, contaminant concentrations in excess of the criteria should not, in isolation, be interpreted as proof 
of the hazard.  Instead, exceedances of the criteria indicate the need to evaluate the potential hazards of the waste in 
greater detail. 

Identified Constituents of Potential Concern 

Of the 25 constituents analyzed in mud solids, only 3 were determined to be present in the muds in 
concentrations that exceed the screening criteria. 

•	 Arsenic concentrations in one out of two samples collected from two facilities exceed the 
chronic ingestion and inhalation screening criteria, by a factor of four. Exceedance of the 
ingestion criterion suggests that arsenic could pose a cancer risk of greater than 10- 5 if the muds 
are incidentally ingested on a routine basis (which could only occur if access to mud 
impoundments after closure is not restricted and people come into direct contact with the dried 
muds).  Exceedance of the inhalation criterion suggests that, if dust from the muds is blown into 
the air in a concentration that equals the maximum allowable limit (the National Ambient Air 
Quality Standard) for particulate matter, chronic inhalation of arsenic could pose a cancer risk 
greater than 10-5.  As discussed in the next section, such large exposures to windblown dust are 
generally not expected. 

•	 Chromium concentrat ions in both samples (one each from two facilities) exceed the chronic 
inhalation screening criterion by as much as a factor of 22. This suggests that if dust from the 
muds is blown into the air in a concentration that equals the National Ambient Air Quality 
Standard for particulate matter, chronic inhalation of chromium could cause a cancer risk 
exceeding 10-5.  Again, EPA generally does not expect such large exposures, as explained in the 
next section. 

•	 Radium-226 concentrations in the mud solids exceed the radiation protection screening criterion 
by a factor of 1.3.  This suggests that red muds could pose a slight radiation risk if they are used 
in an unrestricted manner (e.g., direct radiation and radon exposures if people were allowed to 
build homes on the closed impoundment areas). 
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In addition to these three constituents, the alkaline nature (i.e., high pH) of the muds will limit plant growth on 
the dried, closed impoundments.  Data from EPA's Office of Water show that the supernatant removed from the red mud 
impoundments has a pH of roughly 11.6.12  The residual alkali content of the muds that are left in the impoundments 
makes it difficult to use these impoundment areas for agricultural production.13 

Of the 18 constituents analyzed in leachate from red muds, only two constituents are present in concentrations 

that exceed the initial screening criteria.  Arsenic concentrations in the leachate exceed the health screening criterion in 
two out of four samples (from two out of three facilities).  The maximum recorded arsenic concentration exceeded the 
screening criterion by only a factor of three.  This suggests that, if the leachate is released to ground water and diluted 
by only a factor of 10, the resulting concentration of arsenic may pose a cancer risk exceeding 10-5 if ingested. The 
concentration of selenium in the leachate exceeds the water resource damage criterion in one out of four samples (from 
one out of three facilities). The one high selenium concentration exceeds the criterion by only a factor of three. This 
suggests that, if the leachate is released to ground water and diluted by a factor of 10 or less, the downgradient 
concentrations of selenium may exceed the drinking water maximum contaminant level (MCL) for that constituent. While 
these concentrations of arsenic and selenium exceed the conservative screening criteria, they do not exceed the EP 
toxicity regulatory levels. 

These exceedances of the screening criteria, by themselves, do not demonstrate that the muds pose a 
significant risk, but rather indicate that the muds could pose a risk under a very conservative, hypothetical set of release, 
transport, and exposure conditions. To determine the potential for the muds to cause significant impacts, EPA proceeded 
to the next step of the risk assessment to analyze the actual conditions that exist at the facilities that generate and 
manage the waste. 

Release, Transport, and Exposure Potential 

This analysis considers the baseline hazards of red muds as they are managed in impoundments at the five 

bauxite refining facilities.  It does not assess the hazards of off-site use or disposal of the muds because the muds are 
currently managed only on-site and are not likely to be managed off-site in the near future. In addition, the following 
analysis does not consider the risks associated with variations in waste management practices or potentially exposed 
populations in the future because of a lack of data on future conditions.  Alternative practices for the management of 
the muds are discussed in Section 3.5. 

Ground-Water Release, Transport, and Exposure Potential 

During the operating phase of the red mud lakes, the muds are usually submerged beneath a liquid that can 
serve as a leaching medium, potentially transporting contaminants to underlying ground water. After the lakes are 
closed, the liquids are evaporated or removed, and the potential for leaching becomes highly dependent on the extent 
to which precipitation infiltrates through the mud and into the ground. Based on the leach test data analyzed above, 
arsenic and selenium are the constituents in red muds that are most likely to leach from the muds in concentrations that 
exceed the screening criteria.  Both arsenic and selenium are persistent and relatively mobile in ground water, and 
therefore are capable of migrating readily if released. 

The potential for leachate from the muds to be released to ground water and cause impacts through that 
pathway varies according to site-specific conditions, as summarized below: 

•	 At the Burnside, LA facility, the mud impoundment is underlain by recompacted local clay. 
Ground water is very shallow (only 2 meters below the land surface) and the base of the 
impoundment extends below the water table.  The uppermost useable aquifer, however, appears 

12 Environmental Protection Agency, 1984. Development Document for Effluent Limitations Guidelines and Standards, Office of 
Water, p. 56. 

13 W.A. Anderson and W.E.  Haupin,  1978.  Bauxite Refining, Aluminum Company of America, Kirk-Othmer Encyclopedia of Chemical 
Technology, John Wiley and Sons, NY, p. 142. 
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to be separated from the base of the impoundment by a distance of roughly 30 meters. The 
nearest drinking water well appears to be located 90 meters downgradient. 

•	 The conditions at the Gramercy, LA facility are similar to those at the Burnside facility. The only 
differences are that the impoundments at Gramercy are equipped with a leachate collection 
system and the nearest drinking water well at Gramercy is farther away, approximately 800 meters 
downgradient. As discussed in the damage case section of this chapter, elevated concentra
tions of chloride have been detected in ground water beneath the impoundments. However, the 
muds do not appear to be an important contributor to this contamination because, based on the 
Agency's leach test analyses, chloride is a minor constituent of the mud leachate (the maximum 
chloride concentration measured in the mud leachate was less than one-quarter of the 
conservative screening criterion). 

•	 The impoundment at the Bauxite, AR facility is underlain by in-situ clay and is equipped with 
a leachate collection system and bentonite slurry walls.  The base of the impoundment appears 
to be separated from shallow ground water by 15 meters and the uppermost useable aquifer by 
roughly 30 meters.  The earth material separating the impoundment from this useable aquifer is 
an igneous rock.  Ground water in the area of the site is used as a rural domestic water supply, 
and the nearest drinking water well appears to be located 300 meters downgradient. 

•	 At the Point Comfort, TX facility, the mud impoundment is underlain by in-situ clay, but is not 
equipped with any other controls.  Because the impoundment is 16 meters deep and shallow 
ground water exists at a depth of 5 meters, the base of the impoundment extends below the water 
table.  The uppermost useable aquifer, however, is over 400 meters below the land surface. This 
deep aquifer is used as a municipal and commercial/industrial water supply, and the nearest 
drinking water well appears to be located 1,300 meters downgradient. 

•	 The impoundments at the Gregory, TX facility are underlain by in-situ clay. As for most of the 
other sites, ground water is shallow and the base of the impoundment extends below the water 
table.  Neither the shallow ground water nor water at greater depths, however, is used for water 
supply purposes, according to facility personnel. 

In summary, laboratory leaching tests show that arsenic and selenium may leach from red muds in 
concentrations that exceed the screening criteria.  Concentrations of these and other constituents under field conditions 
are, however, expected to be lower due to the alkaline nature of the waste.  While the potential for release of constituents 
to ground water is limited by some type of management controls employed at each site, the bases of most impoundments 
do extend into the saturated zone and shallow ground-water contamination is therefore possible. However, downward 
migration of this contamination to useable aquifers is less likely, especially at the Bauxite and Point Comfort facilities, 
because of hydrogeological conditions.  Considering the low concentrations of contaminants in the leachate and the 
potential locations of drinking water wells near these facilities, the concentrations of any contaminants that migrate into 
the deeper useable aquifers at the five facilities is expected to be below levels of concern at existing downgradient 
exposure points. 

Surface Water Release, Transport, and Exposure Potential 

Constituents of potential concern in the red muds could, in theory, enter surface waters by migration of leachate 

through ground water that discharges to surface water, or by direct overland (storm water) run-off of dissolved or 
suspended constituents.  As discussed above, only arsenic and selenium are expected to leach from the muds in 
concentrations above the screening criteria, but even these concentrations are relatively low and are likely to be diluted 
below levels of concern in all but very small streams.  There were no constituents detected in the mud leachate in 
concentrations that appeared to present a potential threat to aquatic organisms; the arsenic and selenium concentrations 
are of possible concern from only a health risk standpoint.  The high alkalinity of the muds, however, could result in 
leaching of alkaline water.  If the receiving water is not well-buffered, its pH could exceed levels that are protective of 
aquatic life. Alkaline water also can have low resource value due to its corrosive properties. 
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The potential for mud contaminants to migrate into surface water and cause impacts is site-specific, based on 
a number of factors as summarized below: 

•	 At the Burnside facility in Louisiana, the red mud impoundment is equipped with run-on/run-off 
controls to limit the direct overland flow of mud contaminants, but there are no controls (e.g., 
liner, leachate collection system, or slurry wall) to prevent contaminants from seeping into 
surface water via ground water. The facility is only 15 meters from the Panama Canal which 
feeds into the Blind River. While the Blind River has a moderate to large dilution capacity (the 
annual average flow is 302 mgd), the Panama Canal's flow is small and cannot readily assimilate 
large contaminant loads.  As discussed in the damage case section of this report, excess process 
water that has accumulated in red mud impoundments at the site during heavy rainfall events 
has been discharged to the canal, resulting in high pH excursions. These discharges have 
occurred only in emergency situations, and the pH excursions appear to be caused by the 
supernatant liquid discharged from the impoundments, not the muds themselves. 

•	 At the Point Comfort facility in Texas, the on-site impoundment is equipped with run-on/run-off 
controls, but there are no controls to limit seepage of contaminants via ground water. The 
facility is located only 15 meters from Lavaca Bay, which contains saltwater. Water in the bay 
is not used for human consumption, but is withdrawn at a point 270 meters downstream and 
used for livestock watering. 

•	 On-site impoundments at the Gramercy Works in Louisiana are equipped with run-on/run-off 
controls and a leachate collection system.  The facility is located roughly 110 meters from the 
Blind River, which has a moderate to large dilution capacity (it is the same river that is near the 
Burnside facility). Water is withdrawn from the river for human consumption at a point 4,900 
meters downstream, but water is not withdrawn for any other uses within 24 km (15 miles). 

•	 The impoundment at the facility in Gregory, Texas is equipped with run-on/run-off controls.  The 
facility is located roughly 60 meters from the Corpus Christi Bay, which contains saltwater that 
is not used for drinking or any other consumptive use within 24 km (15 miles). 

•	 At the facility in Bauxite, Arkansas, the impoundment is equipped with run-on/run-off controls, 
a leachate collection system, and a bentonite slurry wall. The facility is located about 300 meters 
from Hurricane Creek, which has a moderate dilution capacity (its annual average flow is 80 
mgd).  Water is withdrawn from this creek for human consumption at a point 7 km downstream, 
but water is not withdrawn for any other uses within 24 km (15 miles). 

In summary, the potential for direct overland flow of red mud contaminants to surface water is limited at all five 
facilities by the use of run-on/run-off controls.  Migration into surface water via ground-water seepage, however, may 
occur at three facilities (at Burnside, Point Comfort, and Gregory) that are close to surface water bodies and do not 
employ any measures to control leachate migration.  (The potential for ground-water contamination to seep into surface 
water at the other facilities is smaller because of the use of leachate migration controls and the greater distance to surface 
waters.) Because of the distances to drinking water intakes, the moderate to high flows of the nearby water bodies, and 
the low concentrations of contaminants expected in the mud leachate, any surface water contamination at the three 
facilities caused by the muds would probably not pose a health threat. In addition, any migration of mud contaminants 
into surface water is not likely to pose an ecological threat at any facility because, based on the Agency's leach tests, 
contaminants do not appear to leach from the muds in concentrations that are potentially harmful to aquatic organisms. 
While the pH of the leachate could be high, pH excursions in surface waters are more likely to be caused by periodic 
direct discharges, not the low-level chronic loads that are expected through ground-water discharges. 

Air Release, Transport, and Exposure Potential 

Because all of the constituents of potential concern are nonvolatile inorganics, red mud contaminants can only 

be released to air in the form of windblown dust.  During the operating phase of the impoundments, the potential for 
dusting from the muds is virtually non-existent because the muds are submerged beneath liquids. When the 
impoundments are closed and the muds have dried, there is a potential for particles of the mud to be released to air (none 
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of the facilities practice any dust suppression/control measures).  This is especially true at the facilities in arid areas 
(Gregory and Point Comfort, Texas) where the muds are less likely to remain moist due to precipitation. The muds dry 
to a very fine particle size (sometimes less than 1 micrometer) which is highly susceptible to wind erosion.  Based on 
sample analyses of the muds, the only constituents that could pose a threat through the inhalation pathway are arsenic 
and chromium, and this would only be a threat if dust particles are released from dried impoundments in a high 
concentration (that equals or exceeds the National Ambient Air Quality Standard for particulate matter). The nearest 
residence at the Gregory facility is 120 meters away, and the nearest residence at the Point Comfort facility is roughly 
400 meters away.  Considering these distances and the relatively low concentration of contaminants in the muds, airborne 
concentrations of arsenic and chromium at the existing residences closest to these facilities are likely to be below levels 
of concern.  Dust could be a problem at these facilities, however, if people were allowed to come into close contact with 
the muds after closure. 

Proximity to Sensitive Environments 

None of the bauxite refining facilities within the scope of this analysis are located in or within one mile of karst 
terrane, a fault zone, the habitat of an endangered species, a National Park, a National Forest, or a National Wildlife 
refuge.  In addition, none of the facilities are located in a wetland, although two facilities are located within one mile of 
wetlands. 

Risk Modeling 

Based upon the evaluation of intrinsic hazard and the analysis of factors that influence risk presented above, 

and upon a comprehensive review of information on documented damage cases (presented in the next section), EPA has 
concluded that the potential for red muds to impose significant risk to human health or the environment if managed 
according to current practice is low. Therefore, the Agency has not conducted a quantitative risk modeling exercise for 
this waste. (See sections 3.3.3 and 3.7 below for further discussion.) 

3.3.2 Damage Cases 

State and EPA regional files were reviewed in an effort to document the performance of waste management 
practices for red muds from bauxite refining at the five active facilities and at one inactive bauxite facility.14  The inactive 
facility was the Alcoa plant in Bayden, North Carolina. The file reviews were combined with interviews with State and 
EPA regional regulatory staff.  Through these case studies, EPA found documented environmental damages associated 
with red mud discharges to surface water at one facility:  Ormet in Burnside, Louisiana. EPA also found evidence of 
ground-water contamination at the Gramercy, Louisiana facility, but this appears to be associated with brine muds that 
are not within the scope of this study.15 

14 Facilities are considered inactive for purposes of this report if they are not currently engaged in primary mineral processing. 

15 This facility generates brine muds that result from the purification of raw brine (solution mined from Sorrento, Louisiana salt domes) 
for use in the production of caustic and chlorine. 
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Ormet in Burnside, Louisiana 

Ormet Corporation's Aluminum plant is located south of Baton Rouge in Burnside, on LA Highway 22.  The 
facility is situated near the Mississippi River. The processing unit generating red muds has been operational since 
1958.16 

The facility contains four red mud lakes, referred to as Nos. 1, 2, 3, and 4. These impoundments have a 
combined surface area of 85 hectares (210 acres).17  Impoundments Nos. 1 and 2 have been inactive since 1984. 
Impoundment 4 is the most recently constructed of the 4 pits.18 

During heavy rainfall events when excess water has accumulated in closed red mud impoundments 1 and 2, 

Ormet has discharged to a tributary of the "Panama Canal" on an emergency basis.19,20  The Panama Canal flows from 
east to west along the northern boundary of the facility, through residential areas, and is a source of domestic water in 
some cases.21,22 

Discharge of excess waters has resulted in high pH excursions in some cases. For example, excess water was 
discharged to the Panama Canal between May 23 and May 27, 1983.  Due to improper operation of the neutralization 
station, combined with communications problems, high pH excursions were not detected until after the discharge event. 
The excessive pH levels ranged from 9.4 to 10.2 for 4.5 hours on May 23, 1983, and from 9.7 to 9.8 for 7.5 hours on May 
24, 1983.23 

Ormet has stated that "the Panama Canal cannot readily assimilate the discharge of excess rainwater from the 
Red Mud Impoundments." Ormet goes on to state that "flow in the Panama Canal stops on some occasions, and on 
others actually flows backward because of wind or tidal action."24  The Louisiana Department of Environmental Quality 
(LADEQ) raised concern over the impact of these discharges on the Panama Canal, and requested that Ormet look into 
the option of discharging to the Mississippi River.25  The emergency discharges to the Panama Canal have imparted a 
red color to the canal water, resulting in complaints from local residents.26,27  Investigation into this phenomenon led 

16 Ormet. 1989. National Survey on Solid Wastes from Mineral Processing Facilities (File # 347). 4/5/89. 

17 Ibid. 

18 EPA Region 6. 1984. Potential Hazardous Waste Site - Site Inspection Report. 9/5/84. 

1 9  Ormet. 1983. Letter from F.G. Sikes to 1) M.O. Knudson, EPA Region 6 Water Management Division; and 2) J.D. Givens, LADNR 
Water Pollution Control Division, Re: None (pH excursions on 5/23 and 5/24/83). 6/2/83. 

20 Ormet.  1985. Letter from F.G. Sikes to G. Aydell, Office of Water Resources, LADEQ, Re: None (Ormet's progress toward 
ameliorating conditions in Panama Canal). 12/20/85. 

21 Ormet. 1971. Map of Waste Water Discharge into Panama Canal, Burnside, LA. 5/11/71. 

22 Ormet.  1986. Letter from F.D. Sikes to K. Huffman, EPA Region 6 Industrial Permits Section, Re: NPDES Permit No. 
LA0005606. 6/9/86. 

2 3  Ormet. 1983. Letter from F.G. Sikes to 1) M.O. Knudson, EPA Region 6 Water Management Division; and 2) J.D. Givens, LADNR 
Water Pollution Control Division, Re: None (pH excursions on 5/23 and 5/24/83). 6/2/83. 

24 Ormet.  1986. Letter from F.D. Sikes to K. Huffman, EPA Region 6 Industrial Permits Section, Re: NPDES Permit No. 
LA0005606. 6/9/86. 

25 Ormet.  1985. Letter from F.G. Sikes to G. Aydell, Office of Water Resources, LADEQ, Re: None (Ormet's progress toward 
ameliorating conditions in Panama Canal). 12/20/85. 

26 Louisiana Department of Natural Resources.  1985. Division of Water Pollution Control Complaint Form, Re: Discharges from 
Ormet Corp. 2/8/85. 

27 Ormet.  1986. Letter from F.D. Sikes to K. Huffman, EPA Region 6 Industrial Permits Section, Re: NPDES Permit No. 
LA0005606. 6/9/86. 
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LADEQ to conclude that the problem was primarily aesthetic, and no formal action was taken.28  However, LADEQ did 
contact Ormet about "ameliorating the conditions in the Panama Canal."29 

In 1987, LADEQ's Ground Water Protection Division expressed concern that Ormet's proposal to close the red 
mud impoundments in their present condition would allow production of leachate and possible ground-water 
contamination.  LADEQ also suggested continued ground-water monitoring as a part of closure.30  Ground-water 
monitoring data were not found in the documents reviewed. 

3.3.3 Findings Concerning the Hazards of Red muds 

Potential danger from red muds is low primarily because the intrinsic hazard of the waste due to the presence 
of toxic constituents is relatively low. Specifically, the waste does not exhibit any characteristics of hazardous waste 
(see 40 CFR 261) and only arsenic and chromium are present in sufficient concentrations in the mud solids that could 
conceivably pose a cancer risk greater than 10-5 under conservative ("worst case") exposure scenarios (i.e., routine 
incidental ingestion of the muds, inhalation of airborne particulate concentrations at the National Ambient Air Quality 
Standard).  The radium-226 concentration is approximately equal to EPA's standard for the cleanup of inactive uranium 
mill tailings sites, indicating a minor potential for radiation risk if the material were used in home construction (which it 
is not), or if the mud lakes after closure are allowed to be used in an unrestricted manner. Given current management 
practices, these exposure scenarios are unlikely. After closure, however, direct access to the muds should be restricted 
and dust could be a problem at some facilities due to the small particle size of the material and the relatively arid setting 
of some facilities. 

Available laboratory (EP) leachate data indicate that only arsenic (in two out of four samples from two out of 
three facilities sampled) and selenium (in one sample) are present in leachate from the muds at concentrations that exceed 
the conservative screening criteria by a narrow margin (a factor of three).  Qualitative review of the potential for transport 
and exposure in ground and surface water indicates that the potential exists at several facilities for mud contaminants 
to migrate into the environment; however, the migration is not expected to cause significant health or environmental 
impacts for the reasons stated above.  In addition, it is likely that actual leachate concentrations are lower than the 
laboratory leachate considered here because the EP leaching procedure may overestimate leachate concentrations due 
to the use of an acidic leaching solution for what is a very alkaline waste material. 

The finding that the potential for danger to health and the environment is generally low is consistent with the 

fact that only very limited documented damages were identified. No documented damages to ground water associated 
with red muds were identified. At one facility, emergency surface water discharges with a pH > 9 from red mud lakes have 
occurred as the result of a storm event. 

28 Louisiana Department of Environmental Quality (LADEQ).  1985. Letter from P.L. Norton, Office of Water Resources, to W.A. 
Fontenot, LA Dept. of Justice, Lands and Natural Resources Division, Re:  None (Red water complaint in the Panama Canal). 3/28/85. 

29 LADEQ.  1985. Letter from G.R. Aydell, Office of Water Resources, to F.G. Sikes, Ormet Corp., Re: None (red color imparted 
to Panama Canal). 6/27/85. 

30 LADEQ.  1987. Office of Solid and Hazardous Waste, Memorandum from G.H. Cramer to P. Miller, Solid Waste Division, Re: 
Comments Concerning Ormet Closure GD-005-1484, Ascension Parish. 10/28/87. 
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3.4 Existing Federal and State Waste Management Controls 

3.4.1 Federal Regulation 

Under the Clean Water Act, EPA has the responsibility for setting "effluent limitations," based on the 
performance capability of treatment technologies.  These "technology based limitations" which provide the basis for 
minimum requirements of NPDES permits, must be established for various classes of industrial discharges, which include 
a number of ore processing categories. 

Permits for mineral processing facilities may require compliance with effluent guidelines based on best 
practicable control technology currently available (BPT) or best available technology economically achievable (BAT). 
BPT and BAT requirements for bauxite refining specify that there shall be no discharge of process wastewater pollutants 
to navigable waters (40 CFR 421.10-16), except that discharge is permitted in months in which precipitation exceeds 
evaporation.  Wastewater quality limits for such discharges are not established by the regulations. In the case of States 
which have not been delegated authority by EPA to manage the NPDES program, such as Texas and Louisiana, EPA 
includes permit limits necessary to achieve State water quality standards for the effluent discharges. 

EPA is unaware of any other specific Federal management control or pollutant release requirements that apply 
specifically to bauxite red mud wastes. 

3.4.2 State Regulation 

The five facilities in the alumina sector are located in Arkansas, Louisiana, and Texas.  Two of these states, 

Louisiana and Texas, were chosen for regulatory review for the purposes of this report (see Chapter 2 for a discussion 
of the methodology used to select states for detailed regulatory study). Both of the study states exclude mineral 
processing wastes from hazardous waste regulation, classify red muds from alumina production as industrial solid 
wastes, and have air quality regulations or standards that apply to red mud management and disposal activities. 

Of the two study states, Louisiana appears to be most comprehensive in its coverage of red muds from alumina 
production.  Although no requirements have been drafted specifically for red mud impoundments, facility 
owner/operators must comply with general solid waste disposal provisions for soils (e.g., stability, permeability), 
hydrologic characteristics, precipitation run-on and run-off, location standards, securi ty, safety, and waste 
characterization.  Moreover, both alumina facilities in Louisiana maintain surface impoundment permits for their red mud 
impoundments, and must meet general industrial waste surface impoundment requirements such as run-on controls, liner 
requirements, design standards (e.g., to prevent overtopping and minimize erosion), waste characterization, and ground-
water monitoring requirements. Surface impoundments must be dewatered and clean-closed (i.e., all residuals removed) 
or closed according to solid waste landfill closure provisions. Louisiana also requires that owners/operators of all 
industrial solid waste landfills and surface impoundments maintain financial responsibility for the closure and post-
closure care of those waste units.  Although Louisiana does not have an approved NPDES program, the state does 
require state permits for the discharge of leachate or run-off to surface waters.  Finally, Louisiana air regulations require 
that its alumina processing facilities manage their wastes in a manner necessary to minimize fugitive dust emissions. 

As with Louisiana, Texas classifies mineral processing wastes, including red muds from the production of 
alumina, as industrial solid wastes.  Because both alumina facilities in Texas dispose of their wastes on property that is 
both within 50 miles of the respective facility and controlled by the facility owner/operator, the state has not required 
either facility to obtain a solid waste disposal permit. Both facilities have notified the state of their waste disposal 
activities.  Facilities discharging to surface water must obtain both Federal NPDES and Texas water quality permits. 
According to Texas officials, the Reynolds alumina facility does not discharge to surface water and thus does not 
maintain a NPDES or state discharge permit.  Finally,  Texas officials noted past problems with fugitive dust emissions 
from the red mud disposal units at both facilities and indicated that enforcement actions have been taken against the 
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Reynolds facility.  The Reynolds facility now uses a flooding process to keep the muds completely under water, while 
the Alcoa facility places coarse river sand over red mud areas that become dry in order to control emissions. 

In summary, the alumina sector states studied in detail for this report, Louisiana and Texas, classify and regulate 
red muds from the production of alumina as industrial solid wastes. Of the two states, Louisiana has been more 
comprehensive in the kinds of environmental controls imposed on the management and disposal of these red muds under 
their solid waste authorities.  Both Louisiana and Texas also require State water quality permits for discharges to surface 
water, in addition to Federal NPDES requirements, and have air quality regulations that address fugitive dust emissions. 
Texas in particular has had problems with fugitive dust emissions at both of its alumina facilities and has taken action 
in order to ensure that such emissions are controlled. 

3.5 Waste Management Alternatives and Potential Utilization 

As noted above, the available data indicate that red muds do not exhibit any of the characteristics of hazardous 

waste.  Consequently, the issue of how alumina producers might modify their operations or waste management practices 
or be stimulated to develop alternative uses for red muds in response to prospective hazardous waste regulation is moot. 
Nevertheless, this section provides a brief summary of current red mud waste management practices and potential areas 
of utilization. 

Responses by bauxite processors nationwide to the SWMPF Survey indicate that none of the red mud was sold 
or used for commercial purposes in the United States in 1988. Although red muds are not currently being utilized efforts 
have been made to find commercial uses for these residues.  Several processes have been developed to recover iron from 
the red mud residues,31,32 and the potential exists to use red muds as a raw material in the iron and steel industry.33 

Alumina and titanium dioxide recovery from bauxite muds is also technically feasible, as well as recovery of other rare 
metals such as gallium, vanadium, and scandium.34  Processing for recovery of metals other than iron, however, is not 
economically viable at present. 

In addition to metal recovery, other methods of potential utilization of bauxite muds include use in making 
construction blocks, bricks, portland cement, in lightweight aggregate to make concrete, in plastic and resin as filler, 
pigments, and applications in making ceramic products.35,36,37  Research has also been conducted on the potential use 
of red muds as a reagent in various proposed waste treatment processes.38,39 

31 Parekh, B.K. and W.M. Goldberger. Utilization of Bayer Process Muds: Problems and Possibilities .  Proceedings of the Sixth Mineral 
Waste Utilization Symposium, Chicago, IL, ed. Eugene Aleshin, 2-3 May 1978, pp. 123-132. 

32 Shamsuddin, M. Metal Recovery form Scrap and Waste. Journal of Metals, February, 1986, pp. 29-30. 

33 Steel from Aluminum Waste: The Grate Electric Process Using "Red Mud" as Iron Ore, Heat Engineering, April/June 49:2, 1979, 
p. 23. 

34 Parekh, B.K. and W.M. Goldberger, op. cit., pp. 123-124. 

35 Parekh, B.K. and W.M. Goldberger. Utilization of Bayer Process Muds: Problems and Possibilities .  Proceedings of the Sixth Mineral 
Waste Utilization Symposium, Chicago, IL, ed. Eugene Aleshin, 2-3 May 1978, pp. 123-132. 

36 Miller, R.H. and R.J. Collins. Waste Material as Potential Replacements for Highway Aggregates.  National Cooperative Highway 
Research Program Report 166, 1976, p. 50. 

37 Thokur, R.S. and B.R. Sant. Utilization of Red Mud: Part I - Analysis and Utilization as Raw Material for Adsorbents, Building 
Materials, Catalysts, Fillers, Paints and Pigments. Journal of Scientific and Industrial Research, Vol. 42, February 1983, pp. 101-105. 

38 Parekh, and Goldberger, op. cit., 

39 Thokur, and Sant, op. cit., 
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3.6 Cost and Economic Impacts 

Because the available data indicate that red muds do not exhibit any of the characteristics of hazardous waste, 
the issues of how waste management costs might change because of new requirements associated with hazardous waste 
regulation under RCRA Subtitle C and what impacts such costs might impose upon affected facilities are not meaningful. 
Consequently, no incremental costs or associated economic impacts would result from a decision to remove red muds 
from the Mining Waste Exclusion. 

3.7 Summary 

As discussed in Chapter 2, EPA developed a step-wise process for considering the information collected in 
response to the RCRA §8002(p) study factors.  This process has enabled the Agency to condense the information 
presented in the previous six sections of this chapter into three basic categories. For the special waste in question (red 
muds), these categories address the following three major topics: (1) potential for and documented danger to human 
health and the environment; (2) the need for and desirability of additional regulation; and (3) the costs and impacts of 
potential Subtitle C regulation. 

Potential and Documented Danger to Human Health and the Environment 

The intrinsic hazard of red muds is relatively low compared to the other mineral processing wastes studied in 
this report.  The muds do not exhibit any of the four characteristics of hazardous waste, and only chromium was detected 
in the muds in a concentration that exceeds the risk screening criteria used in this analysis by a factor of 10. The 
concentration of radium-226 in the muds approximately equals EPA's standard for the cleanup of inactive uranium mill 
tailings sites, indicating a slight potential for radiation risk if the muds were used in home construction (which they are 
not), or if the mud lakes after closure were allowed to be used in an unrestricted manner. In addition, the alkaline nature 
(i.e., high pH) of the muds is expected to limit plant growth on the dried, closed impoundments. 

Based on an examination of the existing conditions at the five active bauxite refining facilities, EPA concludes 
that the management of red muds may allow contaminants to migrate into the environment, but that the potential for 
significant exposure to these contaminants is low. Specifically: 

•	 There is a potential for contaminants to migrate into shallow ground water because the muds are 
managed in impoundments and are submerged below liquids that may drive contaminants to the 
subsurface, the bases of most impoundments used to manage the muds extend beneath the 
water table, and only two impoundments are equipped with leachate collection systems. 
However, useable ground water at each site is considerably deeper (and thus more protected) 
and the concentration of any released contaminants is expected to be below levels of concern 
at possible downgradient exposure points. 

•	 It is also possible for contaminants from the impoundments to migrate into nearby surface 
waters at three facilities that are within 60 meters of a water body. However, this migration is not 
expected to cause significant impacts because the potential receiving water bodies have a 
moderate to large assimilative capacity and resulting contaminant concentrations are likely to 
be well below human health and ecological protection benchmarks. 

•	 When the impoundments have closed and the muds have dried, there is also a potential for fine 
particles of the mud to be blown into the air as dust. Considering the distances to existing 
residences and the low concentrations of contaminants in the muds, however, airborne 
concentrations at the residences are likely to be below levels of concern. 

The finding that the potential for danger to human health and the environment is low is consistent with the fact 
that only one very limited documented damage case attributable to the muds has been identified. State and EPA 
Regional files were reviewed in an effort to document the performance of red mud management practices at the five active 
bauxite facilities and at one inactive facility. No documented damages to ground water associated with red muds were 
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identified.  At one facility, emergency surface water discharges with a pH > 9 from the red mud lakes have occurred as 
the result of storm events. This type of discharge is already regulated under the NPDES program. 

Likelihood That Existing Risks/Impacts Will Continue in the Absence 
of Subtitle C Regulation 

As summarized above, the current red mud management practices and environmental conditions at the five 
active bauxite facilities may allow some contaminant migration into ground water, surface water, and air, both now and 
in the future.  However, given the generally low concentrations of contaminants in the muds, this migration should not 
pose a serious human health and environmental threat under reasonable mismanagement scenarios.  EPA believes that, 
after the impoundments have been closed, direct access to the muds should be restricted to avoid radiation hazards and 
risks.  Furthermore, it would be prudent to control fugitive dust emissions from dried or closed impoundments, especially 
at the facilities located in arid settings, because the dried muds are susceptible to wind erosion and inhalation exposures 
conceivably could occur if people moved close to inactive impoundments in the future. 

EPA believes that the low-risk conclusion for the five active bauxite facilities accurately reflects future 
conditions because the muds are not likely to be generated and managed at alternate sites.  In addition, the quantity of 
the muds is so large that it is unlikely that the muds will be dredged from the impoundments in which they settle and 
disposed of elsewhere. Current industry trends also indicate that construction of new bauxite refining facilities in the 
U.S. is not likely.  In addition, the muds historically have not been used off-site extensively. Although a variety of 
approaches to utilization of the muds have been researched, including use in making construction blocks, bricks, and 
portland cement, and recovery of iron and other metals, none of these alternatives appear economically viable at present 
or in the foreseeable future. 

The extent of state regulation of red muds appears to be commensurate with the risks posed by this waste. The 
five active facilities are located in Louisiana, Texas, and Arkansas, of which Louisiana and Texas were studied in detail 
for purposes of this report.  Both Louisiana and Texas exclude mineral processing wastes from hazardous waste 
regulation and classify red muds generated by alumina production as industrial solid wastes. Although Louisiana's 
regulations do not contain provisions tailored specifically to red muds, the state does apply surface impoundment and 
landfill closure and financial responsibility requirements to the muds in a fairly extensive manner. Texas has established 
standards for all aspects of the control of industrial solid waste.  Nevertheless, neither of the two facilities in Texas are 
required to obtain a permit, because both dispose of their wastes on property owned or controlled by the facility 
owner/operator, and thus are only subject to notification requirements.  Both Louisiana and Texas require State 
wastewater discharge permits in addition to Federal NPDES permits, and both states address fugitive dust emissions in 
the air permits issued to the alumina facilities within their jurisdictions. 

Costs and Impacts of Subtitle C Regulation 

Because of the low risk potential of red muds, the general absence of documented damages associated with 
these materials, and the fact that this material does not exhibit any characteristics of hazardous waste, EPA has not 
estimated the costs and associated impacts of regulating red muds from bauxite refining under RCRA Subtitle C. 
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COMPLAINT INVESTIGATION - AIR

Investigation Comments :

I. INTRODUCTION I INVESTIGATION SUMMARY

A. Introduction:

Unit Nam e

Incident No. 85927

On January 12, 2007 at approximately 09:45 hours , a complaint was rece ived alleging nuisance dust
emiss ions from the Regulated Entity (RE), Sherwin Alumina lP, which is located in Gregory, Texas
(San Patricio County). The complaint was rece ived by Ms. Alicia Esquivel, Complaints Coordinator with
the Te xas Commission on Environmental Quality (TCEQ) Corpus Christi Regional Office by telephone.

Afte r receiving the complaint, Mr. Sincel Contreras, Environmental Investigator (El ), with the TC EQ
Region 14 Corpus Christi was assigned to' investigate the complaint.
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The EI telephoned the complainant on January 12, 2007 at 11:50 hours to discuss the alleged
complaint and requested permission to enter the complainant's property. The complainant alleged dust
from the RE's facility was covering the complainant's property with red dust. The complainant alleged
suffering from allergies and was concerned about a school nearby in the original complaint.

An air nuisance Compliance Investigation was conducted in response to the citizen's concern on the
same day.

B. Daily Narrative:

The investigation was in response to a citizen complaint (TCEQ Incident No. 85927) alleging nuisance
dust conditions originating at the RE site located in Gregory, Texas (San Patricio County). See
Attachment 1.

Mr. Since! Contreras, Narender Byru, Els and Mr. Wayne Rivera Emissions Evaluator (EE), (TCEQ
Team) arrived at the complainant's residence at approximately 11:50 hours on January 12, 2007. Upon
arrival, the TCEQ Team discovered no visible air emissions affecting the complainant or the residence.
No bauxite waste dust appeared to be blowing off of the RE's facility . At that time, the weather
conditions were cool, approximately 72 OF, partly cloudy and approximately 10 mile per hour winds .
The wind direction was from the north. The weather conditions were conside red to be common for
coastal Texas during this time of the year .

The investigators spoke with the complainant by telephone on January 12, 2007 at approximately 11:50
hours . The complainant stated that dust was affecting her property and red dust was on the house,
boat, patio furniture and vehicles.

The Els collected three tape lift samples and results from the property. See attachment 2. The TC EQ
Team recognized that red dust was present on the property; however, red dust was not seen blowing to
the complainant's property during the investigation. Nuisance conditions were not confirmed during the
investigation.

The TCEQ team drove by the school located near the complainant's residence and could not confirm
nuisance conditions during the investigation.

The TCEQ team conducted a surveillance of the area; however, failed to confirm any visible emissions
or potential nuisance dust conditions. .

The TCEQ team departed the area at 12:48 hours.

C. Exit Interview:

An exit interview was not conducted as there was no compliance issues associated with this
investigation.

It. GENERAL FACILITY AND PROCESS INFORMATION

A. Process Description:

The Sherwin Alumina Gregory Plant, as well as the associated bauxite waste disposal beds located in
San Patricio County, Texas . San Patricio County is classified as an attainment county for all criteria
pollutants . The primary pollutants emitted by the Regulated Entity in regards to the bauxite waste
disposal beds consist of particulate matter (PM).

The primary function of the Regulated Entity is to extract alumina oxide, commonly referred to as
alumina, from bauxite ore . The process utilized at the Sherwin Alumina Plant is known as the Bayer
Process . Once the alumina has been extracted from the bauxite are , the waste bauxite is in slurry form
and is sent from the plant proper to the bauxite waste disposal beds via pipeline. At present there are
four bauxite waste disposal beds, although they are not all curre ntly utilized for bauxite waste disposal.
Sherwin Alumina utilizes a dewatering process which stacks the bauxite waste by directing the bauxite
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slurry through various standpipes located within the bed. The vertical standpipes facilitate the
deposition of the bauxite slurry in conical stockpiles which achieves better compaction of the waste
material.

III. BACKGROUND:

A. Current Enforcement Actions:

There are no current enfo rcement actions since violations were not discovered during this review.

B. Agreed Orders, Court Orders, and Other Compliance Agreements:

See Attachmen t 3. for the Regulated Entity's Compliance History for the previous 5 years.

C. Complaints;
There are 20 current complaints associated with the RE within the past year for alleged nuisance dust
conditions, all have been closed.

D. Prior Enforcement Issues
See Attachment 3. for the Regulated Entity's Compliance History for the previous 5 years.

IV. ADDITIONAL INFORMATION

A. Conclusions and Recom mendations;

During the course of this investigation, the RE's Reg ion 14 files were reviewed for background
information to assist the Air Section EI in the completion of the complaint investigation. Nuisance
conditions were not confi rmed at the complainant's residence during the investigation. No further action
is warran ted.

ve~tiga Ion.

. Date
Environmental Investigator

Signed - - --;;:::c== = ::;-c== O:::7:C:-- -

Date Ed-£!lIm
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_Enforcement Action Request (EAR)
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Investigation Report

_ Sample Analysis Results

_ Manifests

_ NOR

_ Maps. Plans, Sketches

_ Photographs

_ Correspondence from the facility
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Investigation QA Appendix

Investigation #: 539613
Reg En.: SHERWIN ALUMINA GREGORY

Conducted: 0210712007 00:00 -1 210912007 00:00 Notif Dt: 01/01 /0001

Incide nt IncidentType Priority Frequen cy River segment Incident Duration

851127 COMPWNT Wrthin 5 Calendar Days CURRENT 0 Start Date UnktloNn • EndDate IKlknoWn

No NOE/NOV

Staff Tasks
INVESTIGATOR NAREN OER BYRU Tasks: 4 hrs. TRAINING
LEAD INVESTI GATOR SINOEL CONTRERAS Tasks: 4 hrs. INVEST

4 hrs. MENTORING
4 hrs. POSTINVEST
1 hrs. PREINVEST

INVESTIGATOR WAYNE RIVERA Tasks: 4 hrs. TRAINING

Documents Received

Submitted By Document Type Received Dt ActIvity Dt Document Dt
rceo LAB SAMPUNG DATA 02/0212007 0110110001 0113112007

No Communication History

Fiscal Year Activ ity Type

2007 AIRCOMPL · Air Complaint Investigat ion

No Risk-Based Criteria

No Alleged Violations



AITACHMENT I
Incident No. 539613
Sherwin Alumina L.P.

Reg. Entity No. RN102318847
Customer No. CN601573371

Investigation No. 539613
Total Pages ~

Attac1uDent-L, R.'-:102318847 ..
Cmpl Inv.No. 539613 Pg.l-of ";--
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TCEQ Complaint Report

0210712007
11:57:08AM

Incident No: 85927
Media Type: Air
Start Date: Unknown

Received Date: 01 /1212007

Method : PHONE

Reg ulated Enti ty : Sherwin Alumina Gregory

RN1 02318847
Address :

Staff Member: SCONTRER

Status : Closed
Slatus Date: 0210712007
Priori ty: W ithin 5 Calendar Days

San Patricio County
Physical Locati on : State Hwy 361 · 1.5 miles SE of intersection of SH 361 and SH 35 near the city of
Gregory in San Patric io County.

Responsible Party:
Address :

Num ber Complain ing : 1
Frequency: Current
Alleged So urce: Sherwin Alum ina Gregory

Title:

Prog ram Group: Air Quality - High
Level

Nature: Dust
Effec t: Prope rty

Initial Problem:
The Complainant alleged dust from SherwinAlumina is covering her property. The Complainant
stated that their $30,000 boat, house, patio furn iture and vehicles are covered in red dust/dirt The
Complainant stated that she is now suffering from allergies in which she never had before. The
Complainant stated she was concerned about the school that's nearby.

Comm ents:

Nuisance conditions were not confirmed on January 12, 2007 during the investigation.

Action Taken I Closure Comments:

An investigation was conducted on January 12, 2007 by Mr. Sinoel Contreras, Narender Byru both
Environmental Investigators and Mr. Wayne Rivera , Em issions Evaluator, all with Region 14 Corpus
Christi.
Investigation #: 539613

AttachmeDtLRNI0231~847 ~ -.
Cmpl, Inv .Nc . 539613 Pg...l::..of_____

Page 1 of 1
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ATfACHMENT2
Sample Results

Sherwin Alumina L.P.
Reg. Entity No. RNI 02318 847
Customer No. CN601573371

Investigation No. 539613
Total Pages 7
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g" -~ TCEQ Route Slipr Date: I\"A
~'7 B. Blair

Building: Mail Code: R \ t-\ Building: B Mail Code: 165

Division: Field Operations Division: MO

,

Section: Air Section: L&MM

Altachments(s) lor:

o Information o Approval
o Review o Your Signature

.0 CommenVResponse o Signature01:

Comments:

~ ~ It; ~ U W~ I~
Iru FEB - 2 Z007 I. r

rcro
FIELD 0;:", ,·:~ G I O~ 14

.

Attachment z".J RNl023 ~~S47 ,rl

Cropllnv.No. 539613 pg.....£.ofJ-



Laboratory Customer Service Questionnaire

· RETVRNT.P; ·"BilrlJarn1l11iir .... •

Monitoring Operations Division
MCI65

...

Thank you for taking the time to answer the following questions. Our purpose is to gather
information regarding the quality ofservicethe Laboratoryprovides to customersrequesting sample
analyses. Your response, along with those from oth er respondents, will be used to determine
whether turn-around time, quality of laboratory reports and analytical capabilities are meeting our
customers' needs.

DateRequest for Date Repo rt W EbPSod i 0: IAnalysis was Legged -VV- was Mailed ~ I (Working)
into the Laboratory "- Days

I

1
Laboratory ACL
Report Number

• Were the (working) days it took to process your
sample satisfactoryfor your needs? (please circle your response.) Yes No

Ifnot, what would you consider a reasonable turn-around
time for a sample of this type?

• Didyou receive theanal.ysis you requested? (please circle
your response.) Yes No

Using the followingscale, how would you rate the report?
(please circle your response .)
1 Exactly the type of report I need.
2 This report is adequate for my needs. 1 2 3
3 Not at all the type ofreport I need.

• Was it necessary for you to seek further clarification from
Laboratory staff? (please circle your response.} Yes No

Ifso, did you receive satisfactory clarification for your
questions? (please circle your response.} Yes No

Ifyouhave any comments or suggestions on the data, report fo rmat, service provided or ifthere
areany additional analytical capabiliti es that you would like th e laboratory to develop, please
give a brief explanation on the back of this page.

,-
Reviewer:

...- _.. (Optional)= ===========··=·=."'..=--=.__._.-_.Date;==A=n=,,7~'-'-=e~=.';·- Z:;RN1023 1.~847 1- .••.. ._ .

Cmpl lnv.No 539613 Pg....",.-oC ._
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Texas Commission on Enviro nmental Quality
Laboratory and Mobiie Monitoring Section Irr~'=;-;:~~;;>--';-;;-"7:;--'=---=~!))l

P.O. Box 130 87 f [~
Austin , Texas 78711 , II!

(512) 239-1869 FEB - 2 2fKJ7. ~

ACL Lead : Ping Liu

La boratory Analysis Results
ACL Nu mber : 070109

Region:T 14

TCi::Q
FIno G?~ :fGlON14

Date Received: 1/2212007

Facili ty(ies) Sampled

Sherwin Alumina

' c·i ny

1Gregory

ICount y

ISan Patricio

1Facility Type

IManufacturing

Laboratory Procedure(s) Performed:

Analysis: AMPMOO6
En vironm enta l Sample Characterization using Polarized Light M icroscopy

Procedure:
A samp le area is selected that has the most particle types present. A small portion is removed and placed on a preclean ed
glass slide. cove red with re fractive index fluid and a glass cover s lip . Th e slide is examined under a stereomicroscope with
trip lighting to determine color and general appearance of the sam ple. Th e slide is then examined und er a po larizecllight
microscope 10 differe ntia te. identify . and estimate relative area covera ge of the particle types present. The da ta from the
analysis is recorded andorganized in a sample folder and used to generate a report that is sent 10 the req uestor.

Sample(s) Received

Field ID Number: 1
Sampling Site: Ave C, Gregory. TX
Comments:

Laboratory Sample Number: 070109-0001 Sampled by: Sinoel Contreras
D ate & Time Sampled: 01112107 12:03:00 Valid Sample: Yes

Tapelift from aluminum flashing south end of carpor t

Field ID Number: 2
Sampling Site: Ave C, Gregory. TX
Co mments:

Tapel ift from from door glass

Field to Number: 3
Sampling Site: Ave C. Gregory. TX
Comments:

Tapelift field blan k:

Laboratory Sample N umber: 070109 -0002 Sa mpled by: Sinoel Co ntreras
Date & Ti me Sa mpled: 0111 2107 12:07:00 Valid Sample: Yes

Laboratory Sample Number: 070109-OOO3FB Sampled by: Sinoel Contreras
Date & Time Sampled : 01112/07 12:10:00 Valid Sample: Yes

Laboratory Sample Nu mbe r: 070109-Q004 Sa mpled by: Sinoel Co ntreras
D ale & Time Sampled : OIl I2/07 12:15 :00 Valid Sample: Yes

Laboratory Sample Number: 070109-0005 Sampled by: Sinoel Contreras
Date & Time Sampled: 0111 2107 12:30:00 Valid Sample: Yes

Field ID Number: 4
Sampling Site : Ave C, Gregory, TX
Comments:

Tapelift fro m cleaned flashing for reference

Field ID Number: 5
Sampling Si te: Ave C. Gregory. TX
Comments:

Tapelift fro m Dogwood S treet light fixture gara ge

~

"Attachment ,1.- RN I02318847 ..,
Cmpl lnv.N~9613 Pg.i£of.:J-,



Texas Commission on Environmental Quality
- La~'ratory"and-Mobile M,onitoring S"eCtion

P.O. Box 13087
Austin, Texas 7871 1

(512) 239-1869

Laboratory Analysis Results
ACL.Number: 070109

Sample(s) Received

Laboratory Sample Number: 070109-0006 Sampled by: Sinoe! Contreras
Date & Time Sampled: 01112107 12:48:00 Valid Sample: Yes

Field In Number: 6
Sampling Site: Ave C. Gregory, TX
Conunents:

Tapelih from pos t on alleged source property

Analyst: -b ~(YIJF erg .
Reviewed By: \J-'~

PingL~

Section Manager: ~{..c: _
Da~

Date; 1/2tR107
( i

Date: ; -:; iJ..- C?

Date: 1(3ofo.p

Attachment2. R.N I 0231~841_ ._..
Cmpl Inv.No. 539613 pg.-?-of...j-
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La boratory Analysis Results
. 'ACL N~m'ber: 070109

Analysis Code: AMPM006

Sample Number: 070 109-0001

Analyst: James Mayer

Analysis began: 1/26/2 007

Analysis completed: 1/26/2007

Sample one was heavily loaded . Zinc oxide (ZoO) accounted for 50 to 60% ofthe sample. Baux ite,

common clays and minerals, and fungal spores each accounted for 5 to 20% of the sample. Fungal

material. plant fibers , spider web, and tire rubber dust each accounted for less than 5% of the sample.

Analysis of a white crystal showed elements carbon, oxygen. zinc, silicon, and calcium. (ZnO)

Analysis of an orange-brown crystal showed elements carbon, oxygen, sodium, aluminum, calcium,

and iron.

Hawley's Condensed Chemical Dictionary states that bauxite ore can contain aluminum , oxygen, (as

A1203) , iron, (as Fe203), silicon, (as Si02), and titani um, (as Ti02).

Sample Number: 070109-0002

Analyst: James Mayer

Analysis began: 1/2612007
Analysis completed: 1/2 6/2007

Sample two was heavily loaded. Common clays and minerals accounted for 60 to 70% of the sample.

Bauxite acco unted for 20 to 30% of the sample. Fungal material, fungal spores, insect parts, (moth

scales), plant fibers , plant stellate hairs, pollen, and tire rubber dust each accounted for less than 5% of

the sample.

Analysis showed elements carbon, oxygen, titanium, aluminum , silicon, chlorine, calcium , and iron .

Hawley's Condensed Chemical Dictionary states that bauxite ore can contain aluminum-oxygen, (as

AI203), iron, (as Fe203), silicon, (as Si02), and titanium, (as Ti0 2).

Sample Number: 070109-0003FB

Analyst: James Mayer
Anal ysis began: 1/26/2007

Analysis completed: 1/26/2007

Sample three was a field blank and was lightly load ed. Common clays and minerals and tire rubber

dust each accounted for 40 to 50% of the sample. The field blank was extreme ly clean and only two

'particles were observed on the section of tape.

The TCEQ is an equal opportunity/affirmative action emp loyer. The agency does not allow
discrimination on the basis of race , color. religion. national origin, sex. disability, age, sexual

orientation or veteran status. In compliance with the Americans With Disabilit ies Act , this docum ent
may be requested in alternate formats by contacting the TCEQ at (512) 239-0010, (Fax 512-239
·0055), or 1-800-RELAY-TX (TOO), or by writing P.O. Box 13087, Austin. Texas 78711-3087.

Atuchment 2--, RNI023 1~847 ....1
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Laboratory Analysis Results
...• - _. --A CL Niiilibe.:, 0 70109 .. -

Analysis Code: AMPM006

Sample Nwnber: 070109-0004- .
Analyst: James Mayer

Analysis began: 112612007

Analysis completed: 112612007

Sample fourwas lightly loaded. Zinc oxide accounted for 70 to 80% of the sample. Common clays
and minerals accounted for 5 to 20%of the sample. Plant fibers accounted for 5 to 20%of the sample.
Bauxite and rust each accounted for less than 5%of the sample.

Analysis ofa white crystal showed elements carbon, oxygen, titanium, zinc, aluminum, calcium, and .

iron.

Hawley's Condensed Chemical Dictionary states that bauxite ore can contain aluminum, oxygen. (as
A1203), iron, (as Fe203), silicon, (as Si02), and titanium, (as Ti0 2).

Sample Number: 070109-0005

Analyst: James Mayer

Analysis began: 112612007

Analysis completed: 1126/2007

Sample five was moderately loaded. Bauxite accounted for30 to 40%of the sample. Common clays
and minerals accounted for 30 to 40%ofthe sample. Fungal material, fungal spores. green, aqua,
white. and pale yellow paint overspray, plant fibers, pollen, rust, starch grains, and tire rubber dust
each accounted for Jess than 5% of the sample.

Analysis ofan off-whitecrystal showed elements carbon, oxygen, sodium, alumimun, silicon. sulfur,
chlorine, calcium. and iron.

Hawley's Condensed Chemical Dictionary states thatbauxite are can contain aluminum, oxygen. (as
Al203), iron, (as Fe203), silicon, (as Si0 2), and titani um, (as Ti02). :

The TCeQ is an equal opportunity/a ffirmative action employer. The agency does not allow

discrimination on the basis of race, color. religion, national origin, sex, disability, age. sexual

orientation or veteran status. In compliance with the Americans W ith Disabilities Act, this document

may be requested in altemale formats by contacting the TCEQ at (512) 239-0010, (Fax 512-239

-00 55), or 1-800-RELAY-TX (TOO), or bywriting P.O . Box 13087, Austin, Texas 78711-3087.
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ATTACHMENT 3
Compliance History

Sherwin Alumina L.P.
Reg. Entity No . RN 102318847
Customer No. CN601573371

Investigation No. 539613
Total Pages 'I
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Customer/Re spondenVOvmer.Qperator:

Regulated Entity:

Compliance History

CN601563299 Sherwin Alumina, LP.

RN102318847 SHERW IN ALUMINA GRE GORY

Classification: AVERAGE Rating: 3 .59

Classification: AVERAGE Site Rating: 3.59

AIR OPERATING PERMITS
AIR OPERATING PERMITS
PUBLIC WATER SYSTEM/SUPPLY
INDUSTRIAl AND HAZARDOUS WASTE
GENERATION
INDUSTRIAL AND HAZARDOUS WAS TE
GENERATION
AIR NEW SOURCE PERMITS
AIR NEW SOURCE PERMITS
AIR NEW SOURCE PERMITS
AIR NEW SOURCE PERMIT S
AIR NEW SOURCE PERMITS
AIR NEW SOURCE PERMITS
AIR NEW SOURCE PERMIT S
AIR NEW SOURCE PERMITS
AIR NEW SOURCE PERMITS
AIR NEW SOURCE PERMITS
AIR NEW SOURCE PERMITS
AIR NEW SOURCE PERMITS
AIR NEW SOURCE PERMITS
AIR NEW SOURCE PERMIT S
AIR NEW SOURCE PERMITS
AIR NEW SOURCE PERMITS
AIR NEW SOURCE PERMITS
AIR NEW SOURCE PERMITS
AIR NEW SOURCE PERMITS
AIR NEW SOURCE PERMITS
USED OIL
WASTEWATER
WASTEWATER
WASTEWATER
WATER LICENSING
PETROLEUM STORAGE TANK
REGISTRATION
WASTE WATER GENERAL PERMIT

ACCOUNT NUMBER
PERMIT
REGISTRATI ON
EPAID

SOLID WASTE REGISTRATION #
(SWR)
ACCOUNT NUMBER
PERMIT
PERMIT
PERMIT
PERMIT
PERMIT
PERMIT
PERMIT
PERMIT
PERMIT
PERMIT
PERM IT
PERMIT
PERMIT
PERMIT
PERM IT
PERMIT
PERMIT
ACCOUNT NUMBER
AFS NUM
REGISTRATION
PERMIT
EPA 10
PERM IT
LICENSE
REGISTRATION

PERMIT

SDOO37N
1489
2050048
lXD008129983

30097

SDOO37N
19732
45841
48455
52442
4971
5705
5706
11189

' 2930
16394
18163
18164
32054
40357
45952
46866
53656
0005
0005
COU0035
W0OOO4646000
TX0125989
TX0125989
2050048
41391

2EOOOOO56

ID Numbe r(s):

Location:

TCEO Region :

Dale Compliance History Prepared:

State Hwy361 ·1.5 miles SE of intersection of SH 361 Rating Date: 9/1f2006 Repeat Violator: NO
and SH 35 near the city of Gregory in San Patricio County.

REGION 14 · CORPUS CHRISTI

February 07, 2007

Agency Decision Requiring Compl iance History: ~E"~f~"~,,,~m~'~"21cc:-::---,-__::-cc:-::- _
Compliance Period: January 12, 2002 to January 12, 2007

---'--'---- -'--- - - - - - - - - ---- - -
TCEQ Staff Member to Contact for Additional Information Regarding this Compliance Histol)'

Name : NJA Phone: ~NI~A'-- _

Site Compliance History Compon ents

1. Has the site been in existence and/or operation for the full five year ccmppance period ?

2. Has there been a (known) change in ownership of the site during the comp liance period?

3. If Yes, who is the cerrem owner?

4. if Yes, who waslwere the prior owner(s)?

5. VVhen did the change (s) in ownership occur?

Ve,
No

NlA

NlA

NlA

Attachmen12, RNI023~8847e
Crcpl Inv.No. 539613 Pg.r of_ _

- Compo nents (Multimedia) fo r the Site :

A. Final Enforcement Orders , court judgements. and consent decrees of the state of Texas and the federal government

Effective Date: 0812212002 ADMINORDER 2OO2-{)1 15-AIR·E
Classificat iOn: Moderate

. Citation: 30 TAC Chapler 101, SubChapter A 101.20(1)



30 TAC Chapter 116, SubChapter B 116 .115(c)
40 CFR Chapter 60, SubChapter C, PT 60, SubPT A 60.B[G]
40 CFR Part 50, Subpart LL 6O.386(a)

40 CFR Part 60, Subpart LL 6O.386(b)
5C THe Chapler 382 , SubChapter A 362 .085(b)

Rqmt Prov: Spec. Provo1 PERMIT
Description: Fa ilure 10 conduct a performance lest and determine compliance with the partictJlate matter
standards on two baghouse stacks, em iss ion point numbers (EPNs) 57 & 59.

Classificatio n: Moderate
Citation: 30 TAC Chapler 116, SubChapter 8 116.115(c)

5C THe Chapter 382 , SubChapter A 382 .085(b)

Rqmt Prey. Spec. Provo3 PERMIT
Desaiption: Fafture 10 com ply with the CO emission limits fOf the hydrate dryer baghoose .
Classification: Modera te

Citation: 30 TAC Chapter 116, SubChapter 8 116.110(aX4)
5C TH e Chapter 382 , SubChapter A 382.085(b)

Description: Fa~ure 10 constnJct a trench burner in undistultled soil notpreviously excavated, builtup,
compacted, or used in any type of lal'ldfiD operation.

Effective Date: 0412912006 ADMINOROER 2OOS.1446-AIR-E
ClassificatiOn: Moderate
Citation: 30 TAC Chapter 111, SubChapter A 111.111(aX1XC)

30 TAC Chapter 116. SubChapter B 116.115(c)
5C THC Chapter 382, SubChapter A 382.08S(b)

Rqmt Prov: Special Condition NO. 1 PERMIT
Special Condition No.4 PERMIT

Description: Failed to prevent an avoidable emissions event that occurred on April 2. 2005.
Classification: Moderate
Citation; 30 TAC Chapter 101, SubChapter A 101.20(1)

30 TAC Chapter 116, SubChapter B 116.115(c)
40 CFR Chapter 50, SubChapterC, PT 60, SubPT A 6O.11(d)
5C THC Chapter 382, SubChapter A 382.085(b)

Rqmt Prov: Special Condition NO.2 PERMIT
Description: Failed to maintain and operate an affected facility,induding associated air pollution control
equipment, in a manner consistent with good air pollution control practice lor minimizing emissions.
Specifically, the emission event that occurred on Apri l 2, 2005 was due to an inadequate alarm system.

Effective Date: 1212112003 ADMINQRDER 2003-0008-AIR·E
ClassifICation: Minor

__ _ _ _ _ _ _ _ CC~'~'"',iO"""'_ ..30 TAC Chapter 116, SUbC"h,~'P~'~'~' ;B~I~,~.~. I~'~5~('~) :- _
c-T HC Chapter 382, SubCh apter A 382.085(b)

Rqmt Prov: SC 1 PERMIT
Description: Failure to maintain particluate matter (PM) emissions from the number 2 Flash Calciner (EPN
80) at or below the permitted allowable emissions limit on May 15 and June 19, 2002.
Classification: Minor
Citation: 30 TAC Chapter 116, SubChapter 8 116.115(c)

5C THC Chapter 382, SubChapter A 382.085(b)
Rqmt Prcv; SC 1 PERMIT
Description: Failure to maintain volatile organic compound (VOC) emissions from the number 2 Flash
Calciner (EPN 80) at or below the permitted allowable emissions limit on May 15, 2002.

B. Any criminal convictions of the state of Texas and the federal government.

NlA

C. Chronic excessive emis.sions events.

D.

NJA

The approval dates of investigations. (CCEDS lnv. Track. No.)

1 09120I2002 (1158 l )
2 1010912002 (11365)
3 10102J2002 (12075)
4 1210512002 (15969)
5 07/1712002 (125634)
6 0612512002 (125633)
7 0512012002 (125632)
8 04I29J2002 (125631)
9 0Jl2~2 (125630)

10 0210712002 (125629)
11 02106I2OO2 (125628)

Attachment 5' RNI02318847
~ - 5Cmpl Inv.No. 539613 Pg.~o~=---



12 0610212003
13 100212002
14 0112312006
15 07l19J2006
16 08/1612006
17 1111 812005
18 0412512006
19 0611 312005
20 03/2112005
21 12/1312005
22 03/2112005
23 09/2112005
24 1111712005
25 0411712006
26 1111612005
27 0212312006
28 0812412006
29 05{1912oo5
30 0112012006
31 0311712005
32 09/15/2006
33 09/2112005
34 1212812006
35 10/0912002
36 09J2512006
37 06IJ0/200s
38 09,'2112005
39 03/2712006
40 1013112006
41 12/1412006
42 0711512005
43 0110512007
44 0612312003
45 0812112006
46 0410112005
47 1010212006
48 1110412004
49 11.()4/2004
50 1011412005
51 0312912005
52 0212712004
53 1010212006
54 02/2712004
55 0911 312006
56 1012512005
57 05f3012006
58 0611612006
59 111'0112006
60 02/2712004
61 0312712006
62 0412012006
63 0412012005
64 0610112006
65 10121rzOO2
66 0512012005
67 07/0812005
68 0612212006
69 06/2212005
70 0411312006
71 03127fZOO6
72 OS/2412004
73 10109J2002
74 06122/2005
75 0312312004
76 0711912005
rr 0813112005
78 0712212005
79 0411612005

(36300)
(10854)
(451406)
(48SC3?)
(497283)
(436146)
(463268)
(395298)
(374134)
(439050)
(373704 )
(431909)
(437423)
(459671 )
(436142)
(456465)
(509258)
(380345)
(451414)
(390857)
(509135)
(431911)
(533390)
(11364)
(512762)
(397605)
(431912)
(459324)
(510822)
(532523)
(398874)
(515537)
(112999)
(487355)
(375960)
(451377)
(338551)
(337825)
(433540)
(373395)
(258206)
(514458)
(258573)
(511332)
(435186)
(464157)
(465700)
(512149)
(258883)
(459328)
(507035)
(428286)
(507036)
(286289)
(428287)
(398996)
(507037)
(428288)
(462432)
(459667)
(272692 )
(13474)
(379295 )
(26419?)
(:399503)
(416808)
(448229)
(377917)

Attachment "3 -,RN I02318847;;/
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80 0811912005
81 1011 612006
82 0912612005
83 1212212006
84 08124/2006
85 0912612005
86 0&'0112006
87 0212712006
88 03l22J2OO6
89 05lO4l2OO5
90 1012412005
91 0112812006
92 0411112003
93 07/1512005
94 10J0212002
95 1112112005
96 11/1612005
97 0112312006
98 0311112005
99 07/2712005

100 0212712004
101 0813012006
102 04/1312006
103 06/2112005
104 07/1812005
105 11/1712006
106 11/0412004
107 0811612006
108 0411012006
109 08/3012005
110 09lO8l2OO5
111 03/21/2005
112 0111112006
113 0710812005
114 0212112006
115 0810212006
116 08/3012005
117 0812912005
118 07/1712002
119 04/1212005
120 0111512004
121 11/1812005
122 04/1312006
123 1212112004
124 1011812006

(448230)
(515071)
(448231)
(531445)
(529192)
(448232)
(529193)
(493890)
(493891)
(378602)
(493892)
(451637)
(29652)
(399504)
(12605)
(493893)
(437119)
(493894)
(372021)
(401060)
(258570)
(484932)
(462107)
(393695)
(398584)
(517561)
(338712)
(489842)
(461108)
(393845)
(418958)
(350996)
(450916)
(398917)
(454794)
(489274)
(418726)
(418404)
(125635)
(376006)
(283363)
(436145)
(462275)
(343721)
(515536)

E. Written notices of violations (NOV). (CCEDS Inv. Track. No.)

Date: 07/1712002 (125634)

Self Report? NO Classification: Moderate
Citation: 30 TAC Chapter 116, SubChapter B 116.115{c)
Rqmt Prov: OP PP4 &13
Desaiption: Failure to Comply
Self Report? NO Classification: Moderate

Citation: 30 TAC Chapter 111, SubChapter A 111.111(a)(1)(G]
Description: Failure to Comply
Self Report? NO Classification: Minor
Citation: 30 TAC Chapter 101, SubChapter A 101.6[G]
Description: Failure to Comply
Self Report? NO Classification: Moderate
Citation: 30 TAC Chapter 116, SubChapter B 116.115(c)
Rqmt Prov: OP PP5
Description: Failure to Comply

r~ RN I023 1_~847 -'/',
Anachment.-:.<-' l P ' . of .)
Cmpl lnv.No.53961 g.-=--:--

Date: 0312912005 (373395)

Self Report? NO Classification: Minor

Citation: 30 TAC Chapter 290, SubChapter 0 290,46(f)(3)(D)(Ii)
30 TAC Chapler290, SubChapter 0 290,46(m){1)[G)



Description: Failure to inspect the grOUrld storage tank annually by water system personnel or
a contracted inspection service.

Date; 07/3112005 (448230)

Self Report? YES Class'fication; Moderate

Citation: 30 TAC Chapter 305, SubChapter F 305.125(1)
TWC Chapler 25 25.121(a)[GJ

Description: Failure to meet the limit for one or more permi1 parameter

Classification: Mlocr

(258570)

Rqrnt Prov:
Description:

Date: 02120I2004

self Report? NO

Cltabon: 30 TAC Chapter 101, SubChapter F 101.201(e)
Desaiption: Failure to notify the TCEQ within 24 hours of discovery of an e:u:essopacity event
Self Report? NO Classification: Moderate

Citation: 30 TAC Chapter 111, SubChapter A 11'.111(a)(1)(A)
30 TAC Chapter 115, SubChapter 8 116.115(c)
PA48455
Failure to comply with the applicable opacity limitations.

Date: 04/1112003 (29652)

selfReport?

Citation:

Description:

NO Classification: Moderate
30 TAC Chapter 101, SubChapterA 101.20(1)
30 TAC Chapter 111, SubChapter A 11'.111(a)(1)(8)
30 TAC Chapter 116. SubChapter B 116.115(b)(2)(G)
30 TAC Chapter 116, SubChapter8 116.115(c)
40 CFR Chapter 50, SubChapter C. PT 60, SubPT UUU 6O.73O(a)
Emissions event (Marctl 13, 2(03) NOVfor renureto gain authorization or
exemption from limitations foremissions released during an emission event on
March 13, 2003. .

ModeratoClassification:

Rqmt Prcv
Description:

Date; 02120I2OO4 (258573)

Self Report? NO Classffication: Moderate

Citation: 30 TAC Chapter 101, SubChapter F 101.201(a)(1)(8)
[)esaiption: Failure to notify the TCEQ within 24 hours after the discovery 01 a reportable

emissions event.
Self Report? NO ClassificaUon: Moderate

Citation: 30 TAC Chapter 116, SubChapter B 116.115(b)(2)(F)
30 TAC Chapter 116, SubChapter 8 115.115(c)
PA 19732
Failure 10 comply with the stated Maximum Allowable Emission Rates of Air
Quality Permit No. 19732.

Self Report? NO

Citallon: 30 TAC Chapter 101, SubChapter A 101.20(1)
30 TAC Chapter 111, SubChapterA 111.111(a)( 1)(8)
30 TAC Chapter 116, SubChapter 8 116.115(c)
40 CFR Chapter 60, SubChapter C, PT 60, SubPT UUU 50.732(b)
PA 19732
Failure to comply with the applicable opacity limitations.

Rqmt Prov:
Description:

Date: 0510412005 (378602)

Self Report? NO Classification: Moderate
Citation: 30 TAC Chapter 116, SubChapter B 116.115(c)
Rqmt Prov: PERMIT Special Condition No. 1
Description: Failure to gain authority for unauthorized emissions.
Self Report? NO Classification: Moderate
Citation: 30 TAC Chapter 111. SubChapter A 111.111(a)(1)(C)

30 TAC Chapter 116. SubChapter 8 116.115(c)
Description: Fa~ure 10 gain authority for visible/opacityemissions resulting from emissions

event due to an operator error.

Date: 0812412006 (509258)

SelfReport? NO Classification: Minor
Citation: 30 TAC Chapter 305, SubChapter F 305.125(1)

- Rqmt Prey. - PERMIT TPDES Permit No. WOOOOO4646-000
Description: Fanure to meet self.rnonitored effluent limitations for pH maxmum and Fecal

Coliform daily maxsnem for the months of June and July 2005.

Date; 0612112005

SelfReport? NO

(393695)

Classification: Minor

Attadm",nt~ RN10231j847 «
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Citation :
Description:

Self Report?

Citation :
Rqmt Prov;
Description:

30 TAC Chapter t01, SubChapter F 101.211(a)
Failure to meet the reporting requirements fo r the initial report for
Incident No. 57178, which occurred on December 20, 2004 at 5:03 p.m.

NO Classification: MOderate

30 TAC Chapter 111, SubChapter A 111.111(a)(1)(8)
PERMIT 48455
Failure to prevent the occurrence of vis ible emissions with an opacity of greater
than 20% averaged over a six-minute period .

ModerateClassification :

(112999)

Rqmt Prov:
Description :

Self Report?

Citation:
Description:

Date: 06I24J2003

se lf Report? NO

Citation: 30 TAC Chapter 101, SubChapter A 101.20(1)
30 TAC Chapter 111, SubChapter A 111.111(a)(1)(8)
30 TAC Chapter 116, SubChapter 8 116.115(b)(2)(G)
30 TAC Chapter 116, SubChapter 8 116.115(c)
40 CFR Chapter 50, SubChapter C, PT 50, SubPT UUU 60.732{b)
PA Permit 19732, GC and SC NO. 4
Failure to obla in regulatory authority for, or satisfy all criteria of 30 Texas Admin.
COde §t01.222 to exempt from compliance limitations, the emissions released
during an emrsslcos event on May 17, 2003.

NO Classification: Moderate

30 TAC Chapter 101, SubChapter F 101.201(a)(1)(8)
Failure to submit notification of an emissions event in a timely manner.

Date: 0613012006 (529193)

Self Report? YES Classification: MOderate

Citation: 30 TAC Chapter 305, SubChapter F 305.125(1)
TWC Chapter 26 26.121{a}[G]

Description: Failure to meet the limit for one or more permit parameter

Date: 02120/2004 (258883)

Self Report? NO Classification: Moderate

Citation: 30 TAC Chapter 111, SubChapter A 11'.'11 (a)(1)(A)
30 TAC Chapter 116, SubChapter B 116.115(c)

Rqmt Prov: PA 4&455
Description: Failure to comply with the appflcable opacity limitations.

Date : 1212112006 (531445)

Self Report? NO Classification: Moderate

Citation: 30 TAC Chapter 116, SubChapter 8 116.115(c)
Descript ion: Failure to test Kiln 8 (EPN12) per EPA reference Method 2SA outlined in 40 CFR

Part 60. The submitted report shows that the sample was analyZed for VOCs on a
dry basis when the method requires a wet basis .

MinorClassification:

(258206)

Rqmt Prov:
Description:

Date: 0212012004

Self Report? NO

Citation: 30 TAC Chapter 101, SubChapter F 101.201(e)
Description: Failure to notify the TCEQ within 24 hours efter the discov ery of an excess opacity

event.
Self Report? NO Classification: MOderate

Citation: 30 l AC Chapter 111, SubChapter A 111.111(a)(1)(A)
30 l AC Chapter 116, SubChapter 8 116.115(c)
PA 48455
Failure to comply with the applicable opacity limitations.

Self Report?

Citation:
Description:

self Report?

Citation:
Rqmt Prcv;
Description:

Date: 0312312004 (264197)

setf Report? NO Classifica tion: Moderate

Citation: 30TAC Chapter 101, SubChapter F 101.201(a)(1)(8)
Description: Failure to provide rule required infotmation in regards to a reportable emissions

event to the Comm ission's regional office within 24 hours of discovery.
NO Classification: Moderate

30 TAC Chapter 116, SubChapter 8 116.115(c)
PERMIT 48455
Fa~ure to obta in regulatory authority or meelltle demonstration requirements of
30 TAC 101.222 regarding emissions and oPacity limitations involving ltIe NO. 8
Kiln during an emissions event which began on January 6, 2004.

NO Classification: Minor

30 l AC Chapter 101, SubChapter F 101.201(g)
Failure to submit ltIe emissions event final record electronically via Web STEERS
for an emissIons event Involving the NO. 8 Kiln which began on January 6, 2004.

Attachment...3..... RNI023t8 847 J
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Kathleen Hartnett White, Chairman

Larry R. Soward. Commissioner
Martin A. Hubert, Commissioner

Glenn Shan kle, Executive Director

TEXAS COMMISSION ON ENVIRONMENTAL QUALITY
Protecting Teras by Reducingand Preventing Pollu/ion

February 9,2007

Mr. Tom Ballou
Environmental Manager
Sherwin Alumina L.P.; TCEQ Customer Number 60157337 1
P.O. Box 9911
Corpus Christi, Texas 78469

Re: Results of Complaint Investigation (TCEQ Investigation Number 539613, TCEQ Incident Number
85927) at:
Sherwin Alumina L.P., State Hwy 361, 1.5 miles southeast ofGregory, San Patricio County,
Texas
TCEQ Regulated Entity Number 102318847; TCEQ Air Account Number SO-OQ37-N

Dear Mr. Ballou:

On January 12, 2007, Mr. Sinoel Contreras, Mr. Narender Byru, and Mr. Wayne Rivera of the Texas
__Conunission on Environmental Quality-CTCEQlCorpus Christi Region Office conducted an investigationof

the above referenced site to evaluate compliancewithapplicablerequirements.No violations were documented
during this investigation.

The TCEQ appreciates your assistance in this matter and your compliance efforts to ensure protection of the
State's environment. Ifyou or members ofyour staff have anyquestions regarding this matter, please feel:free
to contact Mr. Sinoel Contreras in the Corpus Christi Region Office at (361) 825~3100,

Sincerely,

RosarioM. Torres
Air Section Work Leader
Corpus Christi Region Office

RMT/SBC/acs

Attachment: Investigation Report

R£PLYTo: REGION 14 • NRC BLDG., ST£. 1200• 6300 OCKAN DR., UNIT5839 • CORPUS CHRISTI, TEXAS 78412-5839 • 361/825-3100 • FAX 361/825-3101

P.O. Box 13087 • Austin, Texas 78711-3087 • 5121239·1000 • Internet address: www.tceq.state.tx.us
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AIRISD0037N/RN102318847/CO

TCEQ Complaint Report

04/1312007
11:15:37AM

Incident No : 88287
Media Type: Air
Start Date: February 19 07 Start T ime: 12:00 am
Received Date: 02119/2007

Method: PHONE

Staff Member : GLOPEZ

Status: Closed
Status Date: 04/0212007
Priority: Withi n 1 Calendar Day

Regulated Entity: Sherwin Alumina Gregory

RN102318847

Address:
San Patricio County

Physical Location: State Highway 361 E and IH 35, 1.5 miles E, Gregory o ro x
Responsible Party:
Address :

Number Complaini ng : 1
Frequency: Current
Alleged Source: Sherwin Alumina Gregory

Title:

Program Group: Air Quality - High
Level

Nature: Dust
Effe ct: Environmental

Initial Probl em:

The Complainant alleged being affected by red dust coming from Sherwin Alumina.
The Complainant said the dust is affecting property and health. The Complainant stated that the dust
is an irritant and it is affecting alle rgies .

Comments:

Nuisance dust conditions were not verified during the complaint investigation at the complainants
residence. No violations were issued due to this investigation and no further action is warranted.

Action Ta ken 1Closure Commen ts:

The assigned EI conducted an on-site complaint investigation regarding the nuisance dust conditions
on February 19, 2007. No nuisance dust conditions were verified during the investigation. Two
samples were taken at the side of the residence facing the alleged sou rce, Sherwin Alumina drying
beds. One sample was taken on the side of the residence facing away from the alleged source.
Sample results indicated an impact from the source , but could not indicate nuisance conditions.
Investig ation #: 555872
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Air1SD0037N/RN102318847/CO

Texas Commission on Environmental Quality
Investigation Report

SHERWIN ALUMINA LP
CN601573371

SHERWIN ALUMINA GREGORY
RN102318847

Program(s):

Inves tigation # 555872

Invest igator: GUADALUPE LOPEZ

Cond ucted: 0211912007 - 0211912007

AIR OPERATING PERMITS
AIR NEW SOU RCE PERMITS

Inv esti gat ion Type : Compliance Investigation

Add iti onaIID(s) : SDOO37N

Incident # 88287

Site Classification
MAJOR SOURCE
MAJ 76-150 FINS

SIC Code: 2819
NAle Code: 331311

/

Location: State Hwy 361 - 1.5 miles SE of
intersection of SH 361 and SH 35 near the city
of Gregory in San PatricioCounty.

Address:; •

Princlpa l(s) :

Rol e

Activity Type : REGION 14 - CORPUS CHRISTI
AIRCOMPL • Air Complaint Investigation

Name

SHERWIN ALUMINA LPRESPONDENT

Contact(s) :

Rol e

Regulated Entity Contad

Title
ENVIRONMENTAl
SUPERINTENDENT

Name
MR TOM BAllOU
JR

Phone
Ce ll
Work

Other

(361) 549-6795
(361) 777-2352
(361) 777-2219
(361) 232-7575

Oth er Staff Member(s) :

Rol e

Supervisor

Name

ROSARIO TORRES

Associated Check List
Checkli st Name Unit Name
eOMPLAlNT INVESTIGATION - AIR Sherwin Drying Beds

Investigation Comments :

I. INTRODUCTION I INVESTIGATION SUMMARY

Introduction:
On February 19, 2007 at approximately 11:10 hours , the Texas Commission on Environmental Qua lity (
TCEQ) Region 14 - Corpus Christi office received a co mplaint alleging nuisance dust emissions from
the Regulated Entity (RE), Sherwin Alumina lP, which is located in Gregory, Texas (San Patricio
County). The Comp lainant alleged that she was being affected by red dust coming from Sherwin
Alumina, and that the dust Is affecting her property and family's health. The Complainant stated that
the dust is an irritant and it is affecting her allergies.

Daily Narrative:
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February 19, 2007
On the above date, the assigned investigator, Mr. Guadalupe l opez, Environmental Investigator (EI)
with the TCEQ Region 14 Corpus Christi office conducted an on-site complaint investigation regarding
the nuisance dust cond itions. Mr. l opez arrived at the complainant's residence at approximately 1520
hours (3:20 p.m.). Conditions at the time of the investigation were sunny and clear skies with
south/southeast winds at approximately 20 miles per hour (mph) with gusts of 30 mph (Met data,
Attachment 1).

No nuisance dust cond itions were verified at the time of arrival at the affected area. The complainant
was not available at the time of the investigation, but her mother was available at the complainant's
residence . With her perm ission tape lift samples were taken at the affected area. Two samples were
taken at the side of the residence facing the alleged source, Sherwin Alumina drying beds. One
sample was taken on the side of the residence facing away from the alleged source . Sample results
indicated an impact from the source, but could not indicate nuisance conditions (Sample Results,
Attachment 2)

Wh ile on-s ite the EI was able to speak to the complainant over her cell phone. He communicated the
results of the investigation. He expla ined that nuis ance conditions were not verified and that samples
were obta ined. The EI concluded the investigation at the complainant's resid ence at 16:00 hours.

Exit Interview:
An exit interview was not conducted as there was no compliance issues associated with this
investigation.

II. GENERAL FACILITYAND PROCESS INFORMATION

Process Description:
The Sherwin Alumina Gregory Plant, as well as the associated bauxite waste disposa l beds located in
San Patricio County, Texas. San Patricio County is classified as an attainmen t county for aUcriteria
pollutants. The primary pollutants emitted by the Regu lated Entity in regards to the bauxite waste
disposal beds consist of particu late matter (PM).

The primary funct ion of the Regulated Entity is to extract alumina oxide, commonly referred to as
alumina, from bauxite ore. The process utilized at the Sherwin Alumina Plant is known as the Bayer
Process . Once the alumina has been extracted from the bauxite ore, the waste bauxite is in slurry form
and is sent from the plant proper to the bauxite waste disposal beds via pipeline. At present there are
four bauxite waste disposal beds , althoug h they are not all currently utilized for bauxite waste disposa l.
Sherwin Alumina utilizes a dewatering proces s which stacks the bauxite waste by directing the bauxite
slurry through various standpipes located within the bed. The vertical standpipes facilitate the
deposition of the bauxite slurry in conical stockpiles which achieves better compaction of the waste
material.

III. BACKGROUND

Current Enforcement Action : /
There are no current enforcement actions since violations were not discovered during this review.

Agreed Orders , Court Orders, and Other Compliance Agreements :
See Attachment 3, for the Regulated Entity's Compliance History for the previous five years.

Complaints:
There are 19 current complaints associated with the RE within the past year for alleged nuisance dust
conditions, all have been closed.
Prior Enforcemen t Issues:
See Attachment 3, for the Regulated Entity's Compliance History for the previous five years.

IV. ADDITIONAL INFORMATION
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Conclusions and Recommendations:
During the course of this investigation, the RE's Region 14 fileswere reviewed for b.ackground
information to assist the Air Section EI in the completion of the com plaint investigation. Although
nuisance conditions were not confi rmed at the complainant's residence during the investigation, there is
a potential for severe dust problems when high winds occur. Due to the limited regulatory authority in
regards to the bauxite waste disposal beds no further action is warranted for this compl aint since
nuisance conditions could not be confirmed.

10 atlens s,§pclatect 0.1 I
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Attachments: (in order of final report submittal)

Date

_ Enforcement Action Request (EAR)

_ Letter to Facility (specify type) : _

Investigation Report

_ Sample Analysis Results

_ Manifests

_NOR

_Maps, Plans, Sketches

_Photographs

_ Correspondence from the facility

_ Other (specify) :



Investigation QA Appendix

Invest igation #: 555872
Reg Ent: SHERWI N ALUMINA GREGORY

Conducted : 0211912007 15:00 - 021191200716 :00 Notif Dt: 01/0110001

Incic:lent IncidentType

88287 COMPLAINT

No NOE/NOV

Priority

Within 1 Calendar Day

Frequency

CURRENT

River5egment

o
Incident Duration

021191200700:00 • 0211 912007 OQ:OO

Staff Tasks
lEAD INVESTIGATOR GUADALUPElOPEZ Tasks: .5 hI'S. INVEST

8 hrs. POSTINVEST
1 hrs. PREINVEST
1 hrs. TRAVEL

No Documents Received

No Communication History

Fiscal Year Activity Type

2007 AIRCOMPL · Air Complainl lnvestigation

No Risk-Based Oriteria .

No Alleged Viol ati ons



Texas Commission on Environmental Quality

COMPLAINT INVESTIGATION - AIR Checklist

Unit Name : Sherwin Drying Beds County : SAN PATRICIO

Investigation # :555872 TCeQ Investigator : GUADALUPE LOPEZ

Facility Name : SHERWIN ALUMINA GREGORY

Item
Descriptio n Comments

Du.
No. Answer Date

CCE1 Wa s there citizen collected evi dence associated with NO
this com laint? rt ves list date.

CCE2 Evidence Type : sample results , photos, video , NQ AN SWER
documents , other (describe in the comments),
Combination of an listed lease describe' -

CCE' Was the evidence reviewed? If yes, list the date of NO
review.

CCE4 Evidence documents a violation. NO

CeES Evidence valid ~~_ enforceme nt purposes (appropriate NO
erctcccr followed

CCE5 Evidencedocumentsviolation; NOV Issued solely as NO
a result of the ceE.

CCE7 Evidence documents violation; NOE Issued solely as NO
a result of the Ce E.

GeES Evidence documents violation ; Enfo rcem ent already NO
in oroaress. .

CCE9 Independent investigation conducted by region. INO I I

CCE1 Investigation by region resulted in NOV issued, NO
Invest" ation b Ion resulted in NOV issued.

CCE1 Investigation by region resulted in NOE issued. NO

1 Was TCEa regulated activity noled during the NO
investination?

2 Was (were) vioIation(s) of TCEa rules noted durirtg NO
this invel~~ation? (rt so, itemized in fonowirtg
ouestions, Item 1 NO REGULATED ACT

4 118m2 INOT APPLICABLE

, ' !tem 3 INO REGUlATED ACT

I ' IIlIm4 INOT APPLICABLE I

I 7 itemS INO REGULATED ACT I
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February 19,2007
Sample Results

Sherwin Alumina

February 19, 2007
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Laboratory and M obile Monitoring Section
P.O: Box 13087

Austin, Texas 787 11
,(5.12),239. 1869, .

Laboratory Analysis R esults
ACL Number: 070310

'.~

ACLLead: Ping Liu Region:T14 Date Received: 3/1612007

Facility(ies) Sampled . laty COunty Facility Type

SherwinAlumina IG<egOty San Patricio Manufacturing

.
Laboratory Procedure(s) Performed:

Analysis: ~MOO6

Environmenw Sample Charaacrization using Polarized Light Mi croscopy

Procedure:
A sample area is selected thal has the most particle types present A small portion is removed and placed on a precleaned
glassslide. covered with refractive indexfluid and a glass cover slip. The slide is examined under a stereomicroscope with
top lighting to determine color and general appearance of the sample. The slide is then examined under a polarized light
microscope to differentiate , identify, and estimate relative area coverage of the particle types preseat. The data from the
analysis is recorded andorganized in a sample folder and used to generate a report that is sent to ~e requestor.

Analysis: AMPMOO7
Sample Characterization using. Scanning Electron Microscope (SEM) with an Energy Dispersive An gle X-Ray (EDAX)
Microanalysis Spectrometer

Procedure:
A selected portion,of a sample is placed on double-sided tape and mounted on an aluminum stub. Specific particles are
marked sO,they can be loc ated in the black and white image field of the SEM. Conductivity between the samp le and the stub
is assured using co lloidal carbon applied from the edge of the tape to the stub. Th e stub is placed in a sputter coater that
ionizes gold-palladium. depositing a thin film of conductive matcri&:1 onbo~ stub and sample.

The prepared sample stub is mounted in the SEM vacuum c hamber- .The chamber is evacuated to approximately 5 x 10 -5
millimeters mercury before an electron beam is generated an d focused onto the sample. Th e interactio n of the beam and the
sample scatters electrons that arecollected on a scintillato r. The resulting photons arc convened to an electronic signal thaI is
displayed on a cathode ray tube as a secondary electro n image of the sample. .

A backscatter electron detector collects backscattcred electrons and is used to contrast anddistinguish components of .
sample basedo n atomic number.

An ,eDCrgy dispersive angle x-ray (EDAX) microanalysis spectrometer is used to measure the energies of x-radiation
generated when sam ple ato ms stabilize themselves following ionization by lhe electron beam. The x-radiation is
chAncreristic of the atom from which it is released and is used to determine the elem ental composition of the sample.

Sample images and spectra arc saved, printed. andco llec ted with other sample documentation in an Air Control Laboratory
(AQ.) folder. A report is generated andmailed to the req uester. 1bc AD.. folder is filed in a secure area.

Sample(s) Received



I..aboratory Sample Number: 07031()..{1()()} Sampled by: Guadalupe Lopez
Date & Time Sampled: 01)19107 15:00:00 Valid Sample: Yes

I....aboratoIy Samp le Number. 070310-0002 Sampled by: Gudalupe Lopez
Date & TlIDe Sampled; 01)19107 15:00:00. Valid SaIopIe: Yes

" " , ", "
.« : " ".."

TeJ'a~_C~oJ!.Q!1 .EJ!WQnmenp!!QualiiY.
Laboratory and Mobile Monitoring Section

P.O. Box 13087
Austin, Texas 78711

(512).239-1869 .

Laboratory Analysis Results
ACL Number : 070310

.Sample(s) Received

Field10 Number."I
SlUlIpling Site: Complainant's property
Comments:

Tapelift from window on left side of doorfacing she (front of the house)

Field 10 Number: 2 .
SampliDg Site: Complainint's property
Comments :

Tape.lift from window on right side of door faciD g slse (fro nt of the bouse)

Laboratory Samp le Number: 070310-0003 Sampled by: Guadalupe Lopez
Date & Time Sampled: fJ?l19107 15:00:00 Valid Sample: Yes

Date: 3 ko/n

Date: ;AojO 7
D'~:~



G~ I PL ... "" ,-".
~

I nv. 555872. ,t"II
Attach meIl'~' Page 4 0[4 ··· ·

FL~1 0i318847c~ !

• "

. LaboratoryAnalysis Results
. ACL Number : 070310

Aoalysis Cod e: AMPM006 & AMPM007

'. '

Sample Number: 07031()..()()()1

Analyst: James Mayer

. -An alysis .began :.. -3t2812007

Analysis completed: 3/3012007

Sample one was lightly loaded Forty to 50% of the sample contained bauxite "resi dues." Common

clays a.nd minerals accounted for 30 to 40% of the sample . Fungal spores and plant fibers each

accounted for 5 to 20% of the sample. Fungal material , glassy spheres , insect parts, plant stellate

hairs, pollen; and starch grains each accounted far less than 5% of the sample.

Analysis of the "bauxite residues" showed elements oxygen, sodium, magnesium. alumi num, silicon.

chlorine, potassium, calcium. and iron . The spectra were not similar to a reference spectrum for

bauxite.

Sample Numbe r. 070310-0002

Analys t: James M ayer

Analysis began: 3/30J1JXJ7
Analysis completed: 3/3012007

Sample two was moderately loaded. Bauxite "residues" accounted for 20 to 30% of the sample.

Common clays and minerals accounted for 20 to 30% of the sample . Fungal spores accounted for 20

to 30% of the sample. Li ght blue paint chips accounted for 5 to 20%of the sample. Fungal material.

glassy spheres, whiteand light blue paint oyernpray, plant fibers , plant stellate hairs , and pollen each

accounted for less than 5% of the sample.

Analysis of the bauxite "residues" showed elements oxygen, aluminun, silicon. chlorine, calcium,

titanium. and iron. The spectra of the bauxite "residues" were not similar to .a reference spectrum.

Sample Number: 070310-0003
Analyst James Mayer

Analysis began: 3/3 012007

Analysis completed: 313012007

Sample three was lightly loaded.. Fungal spores accounted for 30 to 40% of th e sample. Fungal

. material accounted for 20 to 30% of the sample. Common clays and minerals accounted for 5 to 20%

of the sample. Glassy spheres, light blue paint chips , plant fibers, pollen, and starch grains each

accounted for less than 5% of the sample.

n i e TCEQ Is an equal opportunity/affirmative action employer. T he agency does not ajow

discrimination on the basis of race, color. religion, Qational origin, sex, disability, age, sexual
orientation or veteran status. In complIance with the Americans With Disabilities Act, this docum ent

may be requested in alternate formats by contactin g the TCED at (512) 239-0010. (Fax 512-239

-(055), or 1·800-RELAY-TX (TOO), or by writing P.O. Box 13087, Austin. Texas 78711-308 7.
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Compliance History .

Classification: AVERAGE- Ril l ing: 2.84

RN10231B847 SH ERWlNALUMlNA GREGORY Class ification: AV ERAGE

SQ0037N
19732
45641
48455
52442
4971 .

5705
5706
11189
12930
16394
18163
18164
32054
' 0357
45952
aeeee
53656
0005
0005
COUOO35
W~

TX0125989
TX012 5S89
2lJ5OOoOll
41391

Site Rating: 2.84

TXR050671
2E0000056

SDOO37N
1489
2050048
TXDOO8129983

-30097

PERMIT
PERMIT

SOLID WAS TE REGISTRATION"
(SWR)
ACCOUNT NUMBER
PERMIT
PERMIT
PERMIT
PERMIT
PERMIT
PERMIT
PERMIT
PERMIT
PERMIT
PERMIT
PERMIT
PERMIT
PERMIT
PERMIT.
PERMIT
PERMIT
PERMIT
ACCOUNT NUMBER
AFSNUM
REGlSlRATlON
PERMIT
EPAlD
PERMlT
UCENSE
REGISTRATION

Sh erwin Alumina, LP.CN601573371

AIR OPERATING PE RMrrS ACCOUNT NUM BER
AIR OPERATING PERMI T S PERMIT
PUBLI C WA TERSYSTEMISUPPLY REGISTRATION
INDUS TRIAL AND HAZAROOUS WASTE EPA 10
GENERATION
INDUSTR IAL AND HAZARDOUS WASTE
GE NERATION
AIR NEW SOURC E PERMITS
AlR NEW SOURC E PERMITS
AIR NEW SOUR CE PERMITS
AIR NEW SOURCE PERMITS
AIR NEW SOURCE PERM ITS

. AIR NEW SOURCE PERMITS
AIR NEW SOURCE PERMITS
AIR NEW SOURC E PERMIT S
A IR NEW SOURCE PERMITS
A IR NEW SOURCE PERMITS
A IR NEW SOURCE PERMITS
AIR NEW SOURCE PERMITS
AlR NEW SOURCE PERMITS
AIR NEW SOURCE PERMITS
A IR NEW SOURCE PERMITS
A IR NEWSOURCE P ERMITS
A IR NEW SOURCE PERM ITS
AIR NEWSOURCE PERMITS
AIR J:4EW SOURCE PERMITS
AIR NEW SOURCE PERMITS
US EOOIL
WASTEWATER
WASTEWATER
WASTEWATER
W ATERUCEN SIN G
PETROLEUM STORAGE TANK
REGISTRATION
STORMVVATER
W~TEWATERG~E~P~IT

Customer/RespondentiOwner..Qperator.

Regulated Entity:

10Number(s):

Location: ON HWY 361 E ' Rating Date: 91112005 Repeat VIOlatOr. NO

TC?E Q Region:

Date ccmpua nce History Prepared :

,REGION 14· CORP US CHRISTI

April 14. 2006

Agency Decision Requiring Compliance History: =Encfu===mc~==l"",.-",.,-,.-"--::,...,,.,.,-- -r- _

Compli ance Period: March 18, 2001 to March 18, 2006=:.::,== ::=.:= ----,---- - - - - - - - -
TCE Q Sla ll Mem ber to Contact for Addilio nallnfor'mation Regarding this Compliance His tory

Name: NlA . Pho ne: ,NI"A'- _

Site Com plian ce History Co m p onents

1. Has the site been In existence and/or operation for tne ful l five year compliance period?

2. Has th ere been a (known) change in ownership of the site duri ng the compli ance period?

3. If Yes , who is the current owner?

y"
·Yes

Sherwin Alumina , L.P.
United States MariUme S ervices

Sherwin Alumina LP OBA Sh erwin
Alumin a Co

4. if Yes, who w~slvvere tne prio r O\fIIner(s)?

5. When did the challge{s) in ownership occur7 08/0112001 .

Co m ponen ts ( M u ltimedIa ) fo r the Site:

A. Final Enforcement Orders, coull jUdgements. and consent decrees of the stale of Texas and the federal government

Eft ective Date: 08n2l2002 AD MINOROER 200UJ1 15-AIR·E



Classmcalion: Modefalll
. CitatiooI: 30 TACCtlapter 101, SubChapter A 101.20(1)

30 TAC Chapter 116, SubChapter B 116.115{c)

40 CFR Chapter ~. SubChapter C. PT 60. SubPTA 6O.8fG]
·4 0 CFR Palt 50, SiJbpart U. 60.386(a)

411 CFR Part 50 , Subpart 11. 60.366(b1
5Cm c Ch~er 382 , SubChapter A 382.0B5(b)

. Rqml Prov: Spec. Prov. 1 PERMIT
~Iion; FailunllO c:etldUCl: I perfon'nance tesl: Ind delel'nme C%IlTIpiaIlCl! with the partioJlale maner
standardson tOIIO baghouse slacks. emission poiIt numbers(EPNs) Sf & 59.
Cla ssification: Modera te . .

Cltllllon: 30 TA C Chap~r 1;6, SubChllpter B 116.115(c}
5C THC Chapter 382 , SubChapter A 382.D8S(b}

Rqml Prov; $pel;. Prov o3 PERMIT .
~: Fdu~ ID comply wiIh the CO emi$$iOn Imits for Ihll llydnl~ dryerbaghouse .

ClassiflcaIion: ModetvIe
Cltatioo: · 30 TAC Chapter 116 . SubChaptllr B 116.110(a)(4)

5C TH C Chapler 382. SubChapter A 382.085(b}

Descripllon: Fa ilure to construct a trench Pumel"in ulld isturbed so~ nol plllviously exca vated, buill up,
canpaded, or used in any type of landfigoperatiorl. '

Effedlve Date: 1212112003 ADMINORDER 2OO3-OlXl8-AJR-E .

Classification: Minor

Citation: 30 TAC Cllapter 118. SubChapter 81 16.115{c)
5CTH C Chapter 382 , SubChapter A 382.085{b)

Rqmt Pniv: SC 1 PERMIT

Descrtption: Fa lkJlll lo ma inta in pa rtiduale matter (PM) emissions from the numbel"2 Flash Calcine.-(EPN
80) I I or below lhe permltted ;lIlowabie amissions lmloo May 15;and Jun . 19. 2002.
Classification: Minor
C~ 3OTAC~r 116,SubChaptel B 115.115{c)

5C THC Chapler 382. SubCtlapterA~Da5(b,

Rqmt Prov: SC 1 PERMIT
Description: Fllilulll to mainta in volati le organ ic a:mPQUnd(VOC) emis$ions from the number 2 Flash
Calc:iner (EPN 80) at or below the pell'llitled allowilblellfTlissior\$ Imit on May 15, 2002.

B.. Any criminal convic:tions d the staID d Texas and the federal~~

WA

C. Cllronic·axcess"'. e mission. events.

WA

D. The approval dates dit\ve$tigations. (CCEDS Inv•.Trao.. No.)

1 091200OO2 (115B1)

2 101D912002 (1 1365)

3 1010212002 {121175} .

4 1210512llO2 (15969)

5 rJ7117f2002 {12S634}

6 0612512002 (125533)

7 O5I2or.!l102 ( 125632)

e 0412W2002 • (125631)

9 0312&2002 (12563Q)

I . ""'712002 {12:56291

" C2<l6'2OO2 (125628)

12 """2i2003 (36300)

13 1112112001 p 25627}

14
' ''''''''''''1

(125626)

15 10r02J2002 (10l154)

te 1012412001 (125625)

17 01""""'" '(451406)

re 1012412001 (125624)

19 11/1812005 (436146)

20 ll9I0712OO1 (125623)





Rqmt Prov;

Desctlptiol'l:

. . .

Self R!!port? NO Classifical;OI'l: Minor

Citation: 30 TAC Chapler 101, SubCllaptef.F 101.201(e)

Description: FailUre to notifY the T CeQ within 24 hours of discovery of an excess opacity......
Self Report? NO Class ification: I.kxk:r.lIe

Citation: 30 TAG Chapter 111, SubChapter A 111.111(a)(1)(A)

30 TAeChapter 116. SubChapler B 116.115(c)

PA IA

Fa~ure to complywith the applicab~ opacity limitations.

Date : 00411112000 (29652)

Self Report? NO Classi6ea1Jon: Moderate

Citation; 3DTAC Chapter 101 , SubChaptar A 101.20(1)

3DTAG Chapter 111, SubChapter A 111.111(a)( 1)(B)

30 TAC Chapter 116 , SubChapter B 116.115(b){2)(G)

30 TAG Chapter 116. SubG haplar B 116.115{c)

40 CFR Chapter 50 , SubChapter C, PT 50, SllbPT UW 6O.73O(a)

Dllso1pbon; Emissions e-.ertl (Mardi 13, 20(3) NOV for faiure to pin authorization Of

exemption fnxn lim itations for emissio .,. released during an emi$sion eYenI on
March 13, 2003.

RQml Prov:

oHaiption:

......
Desaiplion:

Self Report? NO

Citation : . 30 TAG Chapter 101, SubChapter A 101.20(1)

30 TAC Chapter 111, SubChapter A 111.111(a)( 1)(B)

3D,TAC Chapter 116, SubChapter B 116.1'1 5(cj

40 CFR Chapter 50 , SubChapter C, PT 50, SubPT UUU 6O.732 lb)

PA '"
FaJlure to'comply with the applc:able opacity knulions.

Date: 02l2DnOO4 (256513)

Self Report ? NO Classification: Moderal e

-Cution: 30 TAG Chapter 101, SubChapter F 101.201(a)( 1)(8)

Description: FaiIute10 l'IOtify the TCEQ within 24 tlouts after the di$CO\lef't 01. reportable
"""i$$ions evellL

SloIIf Report? NO C~ifleatiOll: lMderale

Citation : 30 TAC Chapter ~ 16, SubChapter B 116.115(b)(2)(F)

30TAC Chapter 116 , SubChapter B116.115(c)

PA '"
Failure to comply wInl the stated Maximum AIowabIll EmiUi:ln Rates of Ai
Quality Perrni No. 19732.

Dale: 05104J2oo5

Sel f Report? ND
Clt etlon:

Rq ml Pfov:.

~~
. SeIf 'Report? NO

Cita tion:

(37B602)

30 TA C Chaptar 116, SubCh apter B H 6.115(e)

PERMIT '"
Failure to gain authority for urtauthoriuod emission$.

Classificati on: Moderate .

30 TAC cn ecier l ' 1, SubChapler A ll 1.111(iI)( 1XC). . . .
30 TAC Chapter 116, SubChapter B 116.115(e)

Failure 10 gain authority lot viBibleJopaclly' .....ission s res ultino;l from emissions
event duB to an operator errol".

Dat e: 06I21 l2OO5 (393895)

Self Report? NO Classiticalion: Minor

Citation: 30 TAC Chapler 101. SubChapter F 101.211(a)

DeSQipllon: . Failure to mee t the reporting requ irements for the Inibal report roo-
Incident No. 571 78, which ocx:urred on December 20, 2004 at 5:03 pm .

Self Report? NO Classitication: Model3le

Citlltion: 30 TAC Chapte<" 111, SubChapter A 111.111(a)( 1)(8)

Rqm t Prov: PERMiT ....



""~.....~, --Faiuq to I)f8veI'l! the go;urJ8nce of vistlle erniuiont Willl an opcj(y of g..... leI'
than 20% 'Yar&god over a m-minute petiod.

Dillle : 0GI2412OO3 (" 2999)
- "-,, NO

CbtIon: 3O TACo.c--l01 '~A 1012ql)

3OTAC~ 111, S~ A 111.111(aX1)(8)

30 TAC Chapw 1115, StbChapter B 116 .115{b)(2)(G)

JOTACClta~ 115. SubCha~erB 116 .115(c)

40CFR 0Iapter SO. SubCl\acltMc, PT60. SWPr ~60.TJ2(tl1
PAIA

F.... Ill--, ,...tory authcdy far, or Sl¢lSfy" 0'1Ia1ia t:l 30 T_ ~
Cede §101.2221D~ fnJrn~~ fie emiUicnI~
dumg .... MIissaons -..em on~ 17, 2003.

Self R8pOlf? NO ClaNiftcalicllt: Uoder.ite
CitabDrl.; 30 TACChapter101, SubChapleo" F 101.201(')(1)(8)

~ F. .... 10 IItImt I'IDli6c:abon t:I an ernisA:lnI wet1Iin • ..,..., 171arWW.

Rr,m Prov::

De$criPUon:

0-: 02J2CI.r200t l258aS3)

Self Reporr? NO Chu i\catU t Uodetata
CbDon.: 30 TACO\apter 111, SubChapter A 1" .111(')(1)(A)

30 TAC Chapter116, SubChzplm-B 116.115(tJ
PAIA

Fdwe III COlIlpty WIt! the appe,b/e CIp;Ic;:iry~

- =- .".,.,.,
Self RePQrt7 NO ~ Mirw

Citation; 30 TACChaprar 101, SubCha pter F 101.201/. )
Oesaipbon: F,Uullll to l'lOlifY!he TCEQ with ill24 haulS attar IIle~01 an ex:::esa oPacity"".
Self Report? NO Classibllon:; Mocs.rate
CIlation: JOlAC~ 111 ,S~A 111.111(')(1)(1.)

30 lAC Chapw 1115,.S utlCIlapter B 116.115(C)
PAIA

Failure to comply with the appl icab le opacity Iim~a tion,.
Dale: 0312312004 (26.t197)

Self Report? NO Oasaiftc:atton: loIooerIl4

Cbtion; 30 lAC cn.o..101, SubChapw F 101.201f' )(1)(Bj

~ F-.. to~ rv1e ~Weo;J information in~ 10.~ emissions
....... 10the Cmwnlssiorl'. tBgionar office within 24/loura 01dlscovery.

Classlbriorl: M~le

-~NO

CIatiort: 30 r AC Chapter101, SubChaPiei F 101.201{g)

~n: F·aw-to l utxnllhtt erniuiona~I finillll'eCCrd~ viii Web STEERs
for ....~~ JIvoMng the No. 8 KAol ortJicfI began011 .Ianuaty 6, 2004.

SelfReport? NO

Citation; 30 rAC Chilplel'116. SubChaptel"~ 116.115(q
• Rqrnl Prov:: PERt.uT LA

~ F.... 1ll otlCaIn~ IIlll!'lcQyor meet h OBmooistllllliot ,~ 01
30 lAC 101..222t8garding ernissiona and opac:ty~~ the No.1
01~ .... 1InlissicHw event which began on·-'--.ryS, 2004.

C1M5fi::ation; .wincIf

ErirWDl....,tII~

"'A

T)'Deof arrWonmental ,"*,1Ig6i,.."t~!EllS.).
"'A

~-.~nce..-.sme..dates.
"'A

.~ .... \IOUQry~~~

"'A



J . Ea rtycnmp!ianOll.

W,

SitasO\AsideolT_

W,



Kathleen Hartnett White , Chainnan
Larry R.Soward, Commissioner

H. S. Buddy Garcia. Commissioner

Glenn Shank le. Executive Director

TEXAS COMMISSION ON ENVlRONmNTAL QUALITY
Protecting Texas by Reducing and Preventing Pollution

Apri l 13, 2007

Mr. Tom Ballou
Environmental Superintendent
Sherwin Alumina LP; TCEQ Customer Number 601573371
PO Box 99 11
Corpus Christi, Texas 78469

Re: Results of Complaint Investigation (TCEQ Investigation 555872, TCEQ Incident 88287)
at:
Sherwin Alumina drying beds located along both sides of Hwy 188, beds I & 2 on S. side
ofhwy, and beds 3 & 4 located on N. side hwy near intersection of Copano Retreat Rd &
Hwy 188, near Gregory, San Patricio County, Texas
TCEQ Regulated Entity Number 102318847; TCEQ Air Account Number SD.Q037-N

Dear Mr. Ballou :

On February 19, 200 7, Mr. Guadalupe Lopez of the Texas Commission on Environmental
Quality (TCEQ) Corpus Christi Regional Office conducted a complaint investigation of the above
referenced site to evaluate compliance with applicable requi rements. No violations were
documented during this investigation.

The TCEQ appreciates your assistance in this matter and your compliance efforts to ensure
pro tection of the State 's environment. If you or members of your staff have any questions
regarding this marter , please feel free to contact Mr. Lopez in the Corpus Christi Regional Office
at (361) 825-3100.

Sincerely,

~fr1-~Y
Rosario M. Torres
Air Section Work Leader
Corpus Chris ti Region Office

RMT/GJUac s

Attachment: Investigation Report

REPLY 10: REGION14 • NRC BlDG., ST[. 12()() • 63()() OCEAN DR.• UNIT 5839 • CoRPUS CHRISTI. TEXAS 784]2-5839 • 361-825-3100 • FAX 361-825-3101

P.O. Box 13087 • Austin, Texas 78711-3087 • 512-239-1000 • Internet address: www.tceq.state.tx.us
p<inlt<l... rf<'l'Clt<l_r .......~;....
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This technical background document, Identification and Description of Mineral 
Processing Sectors and Waste Streams, was submitted for public review to EPA’s RCRA Docket 
# F-95-PH4A-FFFFF. It provides supplementary information and support for the January 25, 
1996 Supplemental Proposed Rule, Land Disposal Restrictions---Supplemental Proposal to 
Phase IV: Clarification of Bevill Exclusion for Mining Wastes, Changes to the Definition of 
Solid Waste for Mineral Processing Wastes, Treatment Standards for Characteristic Mineral 
Processing Wastes, and Associated Issues (61 FR 2338). The Agency has received comments 
from the public on this document and has listed these comments and Agency responses in the 
final section of the document. The Agency finalizes this document as of April, 1998 and submits 
it to RCRA Docket # F-98-2P4F-FFFFF to provide supplementary information and support for 
the April, 1998 Final Rule, Land Disposal Restrictions Phase IV: Final Rule Promulgating 
Treatment Standards for Metal Wastes and Mineral Processing Wastes; Mineral Processing 
Secondary Materials and Bevill Exclusion Issues; Treatment Standards for Hazardous Soils, and 
Exclusion of Recycled Wood Preserving Wastewaters. 

DISCLAIMER 

This document is intended solely to provide information to the public and the regulated 
community regarding the wastes that are potentially subject to the requirements of this rule. This 
information was also utilized by the Agency to assist in evaluating the potential impacts on the 
industry associated with complying with the rule. While the guidance contained in this 
document may assist the industry, public and federal and state regulators in applying statutory 
and regulatory requirements of RCRA, the guidance is not a substitute for those legal 
requirements; nor is it a regulation itself. Thus, it does not impose legally-binding requirements 
on any party, including EPA, States or the regulated community. Based on the circumstances, 
the conclusions in this document may not apply to a particular situation, and EPA and State 
decision makers retain the discretion to adopt approaches on a case-by-case basis that differ from 
this guidance where determined to be appropriate based on the facts of the case and applicable 
statutes and regulations. 



I. EXECUTIVE SUMMARY 

The purpose of this executive summary is to describe EPA's review of mineral commodities that may 
generate hazardous wastes as defined by RCRA Subtitle C. These wastes and the facilities and commodity sectors 
that generate them may be affected by the establishment of Land Disposal Restrictions for mineral processing 
wastes. Through a series of rulemakings (see Background below) EPA has established and applied criteria to 
determine which mineral processing wastes are no longer exempt from Subtitle C regulation. These wastes are 
termed "newly identified" mineral processing wastes. 

Any newly identified mineral processing waste that exhibits one or more of the four characteristics of a 
hazardous waste if disposed on the land must be made subject to the Land Disposal Restrictions (LDRs). 
Accordingly, EPA has promulgated treatment standards (Best Demonstrated Available Technology, or BDAT) for 
newly identified mineral processing wastes. 

EPA reviewed the 36 industrial sectors (commodities) and 97 different general categories of wastes 
identified in a previously published Advanced Notice of Public Rule Making (ANPRM) (October 21, 1991). EPA 
also reviewed a listing of more than 100 mineral commodities prepared by the U.S. Bureau of Mines (Bureau of 
Mines’ 1987 Minerals Year Book, 1989-1995 Mineral Commodities Summary, and 1985 Mineral Facts and 
Problems). This information, in addition to data collected in previous EPA studies, was used to compile a 
comprehensive list of mineral commodity sectors. In the process, the Agency identified a total of 62 mineral 
commodities that could generate mineral processing waste streams that could potentially exhibit one of the 
characteristics of a RCRA hazardous waste. 

The Agency used publicly available information to prepare a draft technical background document (TBD) 
on the production of particular mineral commodities and associated operations that generate mineral processing 
wastes. This draft was made available for public comment in January 1996 (docket No. F-95-PH4A-FFFFF). 
Numerous public comments were submitted to the Agency addressing the draft TBD. In addition, although the 
Agency did not request further comments on the draft TBD in a subsequent Federal Register notice articulating 
modifications to the proposed Phase 4 LDR rule (62 FR 26041), several comments were submitted that included 
process information or other data that were relevant to the TBD; these comments may be found in docket No. F-97-
2P4P-FFFFF. This final TBD addresses and provides EPA’s responses to all of these comments and information 
contained therein, where appropriate. 

The Agency cautions that this document should not be construed to be an exclusive list of mineral 
processing and associated waste streams; other types of mineral processing wastes may exist. Moreover, the 
omission or inclusion of a waste stream in this background document does not relieve the generator from the 
responsibility for correctly determining whether each of its particular wastes is covered by the Bevill mining waste 
exclusion. This report has been extensively revised from the previous draft and should be used as guidance for EPA. 

A. METHODS AND DATA SOURCES 

1. Background 

Under the provisions of the Mining Waste Exclusion of the Resource Conservation and Recovery Act 
(RCRA), solid waste from the extraction, beneficiation, and processing of ores and minerals is exempt from 
regulation as hazardous waste under Subtitle C of RCRA, as amended. The Mining Waste Exclusion was 
established in response to §3001(b)(3) of the statute (also known as the "Bevill Amendment"), which was added in 
the 1980 Solid Waste Disposal Act Amendments. The Bevill Amendment precluded EPA from regulating these 
wastes (as well as several other “special wastes”) until the Agency performed a study and submitted a Report to 
Congress, as directed by §8002, and determined either to promulgate regulations under Subtitle C or that such 
regulations were unwarranted, (i.e., that the Exclusion should continue), as directed by §3001(b)(3)(C) of the statute. 
In response to the Bevill Amendment, EPA modified its final hazardous waste regulations in November 1980 to 
reflect this new exemption, and issued a preliminary and very broad interpretation of the scope of its coverage 



("solid waste from the exploration, mining, milling, smelting and refining of ores and minerals" (45 FR 76618, 
November 19, 1980)). 

In 1984, the Agency was sued for failing to complete the required Report to Congress and regulatory 
determination in conformance with the statutory deadline (Concerned Citizens of Adamstown v. EPA, No. 84-3041, 
D.D.C., August 21, 1985). In responding to this lawsuit, EPA explained that it planned to propose a narrower 
interpretation of the scope of the Exclusion, and proposed to the Court two schedules: one for completing the §8002 
studies of mineral extraction and beneficiation wastes and submitting the associated Report to Congress, and one for 
proposing and promulgating a reinterpretation for mineral processing wastes. In so doing, the Agency, in effect, 
split the wastes that might be eligible for exclusion from regulation into two groups: mining (extraction and 
beneficiation) wastes and mineral processing wastes. The Court agreed to this approach and established a schedule 
for completing the two initiatives. 

The Report to Congress on mining wastes was published on December 31, 1985, and on July 3, 1986 (51 
FR 24496) EPA published the regulatory determination for these wastes, which stated that, in the Agency's 
judgment, Subtitle C regulation of these wastes was unwarranted. In keeping with its agreement, EPA also proposed 
to narrow the scope of the Mining Waste Exclusion for mineral processing wastes on October 2, 1985 (50 FR 
40292). In this proposal, however, the Agency did not specify the criteria that it used to distinguish the mineral 
processing wastes that qualified for the Exclusion from those that did not. 

In response to the proposed rule, many companies and industry associations "nominated" wastes that they 
believed should be retained within the Exclusion. Faced with an inability at that time to articulate criteria that could 
be used to distinguish exempt from non-exempt wastes and the approaching Court-ordered deadline for final action, 
EPA withdrew its proposal on October 9, 1986 (51 FR 36233); the Agency was promptly sued by a coalition of 
environmental/public interest groups. In July 1988, the Court in Environmental Defense Fund v. EPA held that 
EPA's withdrawal of the 1985 proposal was arbitrary and capricious, and ordered the Agency to define the specific 
mineral processing wastes that were eligible for the Mining Waste Exclusion. The Court also directed the Agency to 
restrict the scope of the Exclusion to include only "large volume, low hazard" wastes, based upon the legislative 
history of the special wastes concept. 

During the three years that followed this decision, EPA proposed and promulgated several rules that 
redefined the boundaries of the Exclusion for mineral processing wastes. These rulemaking notices included explicit 
criteria for defining mineral beneficiation and processing, and large volume and low hazard, as well as evaluations of 
which specific mineral industry wastes were in conformance with these criteria and thus, eligible for special waste 
status. This rulemaking process was completed with the publication of final rules on September 1, 1989 (54 FR 
36592) and January 23, 1990 (54 FR 2322). EPA's evaluations led to the finding that only 20 specific mineral 
processing wastes fulfilled the newly promulgated special wastes criteria; all other mineral processing wastes were 
removed from the Mining Waste Exclusion. The 20 special wastes were studied in a comprehensive Report to 
Congress published on July 30, 1990. Subsequently, EPA ruled, after considering public comment and performing 
additional analysis, that Subtitle C regulation was unwarranted for these 20 waste streams. 

How LDR Relates to Mineral Processing Wastes 

As a consequence of the rulemaking process described above, all but 20 mineral processing wastes have 
been removed from the Mining Waste Exclusion. These newly non-exempt wastes have the same regulatory status 
as any other industrial solid waste. That is, if they exhibit characteristics of hazardous waste or are listed as 
hazardous wastes, they must be managed in accordance with RCRA Subtitle C or equivalent state standards. 
Existing waste characterization data suggest that some of these wastes may exhibit the characteristic of toxicity for 
metals (waste codes D004-D011), corrosivity (D002), and/or reactivity (D003). 

EPA considers these wastes to be "newly identified" because they were brought into the RCRA Subtitle C 
system after the date of enactment of the Hazardous and Solid Waste Act (HSWA) Amendments on November 8, 
1984. EPA declined to include newly identified wastes within the scope of the Land Disposal Restrictions (LDRs) 
for Subtitle C characteristic hazardous wastes ("Third Third" Rule) published on June 1, 1990, deciding instead to 
promulgate additional treatment standards (Best Demonstrated Available Technology, or BDAT) in several phases 



that were to be completed in 1997. The rationale for this decision is articulated at 55 FR 22667. In brief, at that 
time, EPA had not performed the technical analyses necessary to determine whether the treatment standards being 
promulgated for characteristic hazardous wastes were feasible for the newly non-exempt mineral processing wastes. 
The issue was further complicated by the fact that the list of non-exempt wastes was not final at that time, because 
the regulatory determination for the 20 wastes studied in the 1990 Report to Congress had not yet been promulgated. 
The boundaries of the Exclusion have now been firmly established, and the Agency is ready to characterize and 
establish treatment standards for all newly identified hazardous mineral processing wastes. 

More recent work performed by OSW's Waste Treatment Branch (WTB) on the composition and other 
characteristics of the mineral processing wastes that have been removed from the Exclusion suggests that some of 
these wastes may pose unique treatability and/or capacity problems. Accordingly, there was a need for EPA to 
perform further data collection and analysis activities in order to develop BDAT treatment standards that are both 
adequately protective and achievable. 

2. Scope of the Report 

In order to provide the necessary foundation to both develop a fully comprehensive inventory of mineral 
commodity sectors, facilities, and waste streams that may be affected by the LDRs program and identify applicable 
treatment technologies, EPA conducted an extensive effort to collect information. Specifically, EPA: (1) conducted 
electronic literature searches; (2) reviewed documents, including the 1989 mineral processing survey instruments 
(NSSWMPF), public comments on the 1991 ANPRM, and various articles and conference proceedings; (3) reviewed 
documents prepared by the Office of Solid Waste, various Agency contractors, state regulatory authorities, and the 
Bureau of Mines (BOM); (4) reviewed the "Mineral Commodity Summaries" prepared by the BOM; and (5) 
contacted BOM Commodity Specialists. Information collected included detailed process descriptions and 
identification of waste streams. In addition, in preparing this final Technical Background Document, EPA carefully 
considered and, where appropriate, incorporated or otherwise addressed new information and suggested corrections 
to the draft document offered in public comment on the Agency’s proposed rules (61 FR 2338, 62 FR  26041) and 
supporting documents. These comments were submitted to, and may be found in, docket Nos. F-95-PH4A-FFFFF 
and F-97-2P4P-FFFFF, respectively. The specific methodology that EPA employed for this effort is described in 
detail in Section 3, Methods and Data Sources, below. 

Based on this information, EPA prepared 49 separate analyses covering the 62 commodity groups presented 
in Exhibit 1-1. Each analysis includes the following: 

C A commodity summary describing the uses and salient statistics of the particular mineral commodity; 

C	 A process description section with detailed, current process information and process flow diagram(s); 
and 

C	 A process waste stream section that identifies -- to the maximum extent practicable -- individual waste 
streams, sorted by the nature of the operation (i.e., extraction/beneficiation or mineral processing).1 

Within this section, EPA also identified: 

- waste stream sources and form (i.e., wastewater (<1 percent solids and total organic content), 1-10 
percent solids, and >10% solids); 

- Bevill-Exclusion status of the waste stream (i.e., extraction/beneficiation waste stream, mineral 
processing waste stream, or non-uniquely associated waste stream); 

1  EPA strongly cautions that the process information and identified waste streams presented in the commodity analysis 
reports should not be construed to be the authoritative list of processes and waste streams. These reports represent a best effort, 
and clearly do not include every potential process and waste stream. Furthermore, the omission of an actual waste stream (and 
thus its not being classified as either an extraction/beneficiation or mineral processing waste in this report) does not relieve the 
generator from its responsibility of correctly determining whether the particular waste is covered by the Mining Waste 
Exclusion. 



- waste stream characteristics (total constituent concentration data, and statements regarding 
whether the waste stream exhibits or is expected to exhibit one of the RCRA hazardous waste 
characteristics of toxicity, ignitability, corrosivity, or reactivity); 

- annual generation rates (reported or estimated); 

- management practices (e.g., tank treatment and subsequent NPDES discharge, land disposal, or in-
process recycling); and 

- whether the waste stream is being (or could potentially be) recycled, and thus be classified as 
either as a sludge, by-product, or spent material. 

The list provided in this report represents EPA's best effort to date, and generators continue to be 
responsible for determining whether any wastes omitted from these lists are non-exempted and subject to Subtitle C 
controls. 

3. Methodology and Major Data Sources 

EPA researched and obtained information characterizing the mineral processing operations and wastes 
associated with the mineral commodities listed in Exhibit 1-1. This information was used by EPA both to update 
existing data characterizing mineral processing wastes obtained through past Agency efforts and to obtain 
characterization information on newly identified waste streams not previously researched. 

To provide the necessary foundation to both (1) develop a fully comprehensive inventory of mineral 
commodity sectors, facilities, and waste streams that may be affected by the LDRs program and (2) identify 
applicable treatment technologies, EPA embarked on an information collection program. Specifically, to capitalize 
on information collected through past efforts, as well as to collect more recent data, we conducted the following 
activities: 

C	 Reviewed mineral processing survey instruments (NSSWMPF) and public comments 
(submitted in response to the 1991 ANPRM) for process-related information (e.g., 
process flow diagrams, waste characterization data, and waste management information) 
contained in our in-house files. 

C	 Reviewed numerous documents provided by EPA (e.g., contractor reports and various 
Bureau of Mines reports) for process-related information. 

C	 Reviewed the 1993, 1994, and 1995 "Mineral Commodity Summaries" prepared by the 
Bureau of Mines (BOM) for salient statistics on commodity production.2 

C	 Reviewed and summarized damage case information presented in the "Mining Sites on 
the National Priorities List, NPL Site Summary Reports" to support work on assessing the 
appropriateness of the Toxicity Characteristic Leaching Procedure (TCLP) for mineral 
processing wastes. 

C	 Contacted the BOM (now USGS) Commodity Specialists associated with the commodity 
sectors of interest to (1) obtain current information on mining companies, processes, and 
waste streams, and (2) identify other potential sources of information. 

2 Following elimination of the U.S. Bureau of Mines in 1995, responsibility for certain mineral commodity-related activities 
was transferred to the U.S. Geological Survey (USGS). 



C	 Retrieved applicable and relevant documents from the BOM's FAXBACK document 
retrieval system. Documents retrieved included monthly updates to salient statistics, 
bulletins, and technology review papers. 

C	 Conducted an electronic query of the 1991 Biennial Reporting System (BRS) for waste 
generation and management information on 34 mineral processing-related Standard 
Industrial Classification (SIC) numbers. 

C	 Conducted an electronic literature search for information related to mineral processing 
and waste treatment technologies contained in numerous technical on-line databases, 
including: NTIS, Compendex Plus, METADEX, Aluminum Industry Abstracts, 
ENVIROLINE, Pollution Abstracts, Environmental Bibliography, and GEOREF. 

EPA searched for relevant information (published since 1990) on the mineral commodities listed in Exhibit 
1-1. We chose 1990 as the cutoff year so as not to duplicate past information collection activities conducted by EPA 
and EPA contractors, and to obtain information on mineral processes "retooled" since clarification of the Bevill 
Amendment to cover truly "high volume, low hazard" wastes. 

In preparing the commodity sector reports, EPA used its established definitions and techniques for establishing 
which operations and waste streams might be subject to LDR standards. EPA decisions concerning whether 
individual wastes are within the scope of the RCRA Mining Waste Exclusion were based upon a number of different 
factors. The Agency examined these factors in sequence, in such a way as to yield unambiguous and consistent 
decisions from sector to sector. The step-wise methodology used for this analysis is presented below: 

1. Ascertain whether the material is considered a solid waste under RCRA. 

2.	 Establish whether the waste and the operation that generates it are uniquely associated 
with mineral production. 

3.	 Determine whether the waste is generated by a mineral extraction, beneficiation, or 
processing step. 

4.	 Determine whether the waste is generated by a primary mineral processing step, and, 
more generally, whether or not primary mineral processing occurs in the sector/within a 
process type. 

5.	 Check to see whether the waste, if a processing waste, is one of the 20 special wastes 
from mineral processing. 

This analytical sequence results in one of three outcomes: 1) the material is not a solid waste and hence, not subject 
to RCRA; 2) the material is a solid waste but is exempt from RCRA Subtitle C because of the Mining Waste 
Exclusion; or 3) the material is a solid waste that is not exempt from RCRA Subtitle C and is subject to regulation as 
a hazardous waste if it is listed as a hazardous waste or it exhibits any of the characteristics of hazardous waste.3 

3 RCRA Subtitle C regulations define toxicity as one of the four characteristics of a hazardous waste. EPA uses the Toxicity 
Characteristic Leaching Procedure (TCLP) to assess whether a solid waste is a hazardous waste due to toxicity. In today’s final 
rule, EPA is reinstating the application of the TCLP to mineral processing wastes in response to a Court remand. For further 
discussion, see the preamble to today’s final rule. 



EXHIBIT 1-1


MINERAL COMMODITIES OF POTENTIAL INTEREST


1) Alumina 
2) Aluminum 
3) Ammonium Molybdate 
4) Antimony 
5) Arsenic Acid 
6) Asphalt (natural) 
7) Beryllium 
8) Bismuth 
9) Boron 

10) Bromine (from brines) 
11) Cadmium 
12) Calcium Metal 
13) Cerium, Lanthanides, and Rare Earth metals 
14) Cesium/Rubidium 
15) Chromium 
16) Coal Gas 
17) Copper 
18) Elemental Phosphorus 
19) Ferrochrome 
20) Ferrochrome-Silicon 
21) Ferrocolumbium 
22) Ferromanganese 
23) Ferromolybdenum 
24) Ferrosilicon 
25) Gemstones 
26) Germanium 
27) Gold and Silver 
28) Hydrofluoric Acid 
29) Iodine (from brines) 
30) Iron and Steel 
31) Lead 

32) Lightweight Aggregate 
33) Lithium (from ores) 
34) Lithium Carbonate 
35) Magnesia (from brines) 
36) Magnesium 
37) Manganese and MnO2 
38) Mercury 
39) Mineral Waxes 
40) Molybdenum 
41) Phosphoric Acid 
42) Platinum Group Metals 
43) Pyrobitumens 
44) Rhenium 
45) Scandium 
46) Selenium 
47) Silicomanganese 
48) Silicon 
49) Soda Ash 
50) Sodium Sulfate 
51) Strontium 
52) Sulfur 
53) Synthetic Rutile 
54) Tantalum/Columbium 
55) Tellurium 
56) Tin 
57) Titanium/TiO2 
58) Tungsten 
59) Uranium 
60) Vanadium 
61) Zinc 
62) Zirconium/Hafnium 

NOTE:	 This list represents EPA's best efforts at identifying mineral commodities that may generate 
mineral processing wastes. Omission or inclusion on this list does not relieve the generator of 
the responsibility for appropriately managing wastes that would be subject to RCRA Subtitle 
C requirements. 



EPA used waste stream characterization data obtained from numerous sources to document whether a 
particular waste stream exhibits one (or more) of the characteristics of a RCRA hazardous waste (i.e., toxicity, 
corrosivity, ignitability, and reactivity). Due to the paucity of waste characterization data (particularly, TCLP data), 
EPA used total constituent data (if available) or engineering judgment to determine whether a particular waste 
exhibits one of the characteristics of a RCRA hazardous waste (i.e., toxicity, corrosivity, ignitability, and reactivity). 

When data were available, EPA used actual waste generation rates reported by facilities in various Agency 
survey instruments and background documents. To account for the general lack of data for many of the mineral 
commodity sectors and waste streams, the Agency developed a step-wise method for estimating mineral processing 
waste stream generation rates when actual data were unavailable. Specifically, EPA developed an “expected value” 
estimate for each waste generation rate using draft industry profiles, supporting information, process flow diagrams, 
and professional judgment. From the “expected value” estimate, EPA developed upper and lower bound estimates, 
which reflect the degree of uncertainty in our data and understanding of a particular sector, process, and/or waste in 
question. The precise methodology employed for determining waste generation rates varied depending on the 
quantity and quality of available information. 

To determine waste stream management practices, EPA reviewed process descriptions and process flow 
diagrams obtained from numerous sources, including Kirk-Othmer (several editions), EPA's Effluent Guideline 
Documents (see sector reports for specific references), EPA survey instruments, and the literature. Because the 
available process descriptions and process flow diagrams varied considerably in both quality and detail, EPA often 
needed to interpret the information to determine how specific waste streams are managed. For example, process 
descriptions and process flow charts found through the Agency's electronic literature search process often focus on 
the production process of the mineral product and omit any description or identification of how or where waste 
streams are managed. In such cases, the Agency has used professional judgment to determine how and where 
specific waste streams are managed. Specifically, EPA considered (1) how similar waste streams are managed at 
mineral processing facilities for which the Agency has management practice information, (2) the waste form and 
whether it is amenable to tank treatment, (3) generation rates, and (4) proximity of the point of waste generation to 
the incoming raw materials, intermediates, and finished products, to predict the most likely waste management 
practice. 

As was the case for the other types of waste stream-specific information discussed above, EPA was unable 
to locate published information showing that many of the identified mineral processing waste streams were being 
recycled. Therefore, the Agency developed a work sheet to assist EPA staff in making consistent determinations of 
whether the mineral processing waste streams could potentially be recycled, reused, or recovered. This work sheet, 
shown in Appendix C, was designed to capture the various types of information that could allow one, when using 
professional judgment, to determine whether a particular waste stream could be recycled or whether it contains 
material of value. If EPA determined that the waste stream is or could be fully/partially recycled, it initially used the 
definitions provided in 40 CFR §§ 260.10 and 261.1 to categorize each waste stream as either a by-product, sludge, 
or spent material. In today’s final rule, however, these distinctions have been eliminated in the context of the 
primary minerals industry. This final document nonetheless contains references to this former classification scheme, 
because it is used extensively in other analyses (e.g., the Regulatory Impact Analysis) that EPA has prepared in 
support of today’s rule. 

EPA, through the process of researching and preparing mineral commodity analysis reports for the mineral 
commodities, identified a total of 553 waste streams that are believed to be generated at facilities involved in mineral 
production operations. The Agency then evaluated each of the 553 waste streams to remove waste streams that 
would not be affected by the Phase IV LDRs. Specifically, EPA removed the following materials: 

C All of the extraction and beneficiation waste streams; 

C The “Special 20” Bevill-Exempt mineral processing waste streams; 

C Waste streams that are known to be fully recycled in process; and 



C All of the mineral processing waste streams that do not or are unlikely to exhibit one or more 
of the RCRA characteristics of a hazardous waste (based on either actual analytical data or 

professional judgment). 

Finally, as noted above, EPA made a number of corrections and other modifications to the draft TBD in 
response to new information provided in written comments received in response to the two proposed rules and the 
draft TBD. 

As a result of this evaluation process, EPA narrowed the potential universe of waste streams that could 
potentially be affected by the Phase IV LDRs to the 133 hazardous mineral processing waste streams presented in 
Exhibit 1-2. 

4. Caveats and Limitations of Data Analysis 

The results and information presented in this report are based primarily on a review of publicly available 
information. The accuracy and representativeness of the collected information are only as good as the source 
documents. As a result of this limited data quality review, EPA notes that in some instances, Extraction Procedure 
(EP) leachate data reported by various sources are greater than 1/20th of the associated total constituent 
concentrations. Generally, one would expect, based on the design of the EP testing procedure, the total constituent 
concentrations to be at least 20-times the EP concentrations. This apparent discrepancy, however, can potentially be 
explained if the EP results were obtained from total constituent analyses of liquid wastes (i.e., EP tests conducted on 
wastes that contain less than one-half of one percent solids content are actually total constituent analyses). 

In addition, to present mineral commodity profiles that were as complete as possible, EPA used a step-wise 
methodology for estimating both annual waste generation rates and waste characteristics for individual waste streams 
when documented waste generation rates and/or analytical data were not available. EPA's application of this 
methodology to estimate waste generation rates resulted in the development of low, medium, and high annual waste 
generation rates for non-wastewaters and wastewaters that were bounded by zero and 45,000 metric tons/yr/facility 
and by zero and 1,000,000 metric tons/yr/facility, respectively (the thresholds for determining whether a waste 
stream was a high volume, Bevill-exempt waste). Due to the paucity of waste characterization data (particularly, 
TCLP data), EPA used total constituent data (if available) or best engineering judgment to determine whether a 
particular waste exhibited one of the characteristics of a RCRA hazardous waste (i.e., toxicity, corrosivity, 
ignitability, and reactivity). 

To determine whether a waste might exhibit the characteristic of toxicity, EPA first compared 1/20th of the 
total constituent concentration of each TC metal to its respective TC level4. In cases where total constituent data 
were not available, EPA then used best engineering judgment to evaluate whether the waste stream could potentially 
exhibit the toxicity characteristic for any of the TC metals. For example, if a particular waste stream resulted 
through the leaching of a desired metal from an incoming concentrated feed, we assumed that the precipitated leach 
stream contained high total constituent (and therefore, high leachable) concentrations of non-desirable metals, such 
as arsenic. Continuing through the step-wise methodology, we relied on EPA's best engineering judgment to 
determine, based on our understanding of the nature of a particular processing step that generated the waste in 
question, whether the waste could possibly exhibit one (or more) of the characteristics of ignitability, corrosivity, or 
reactivity. The Agency acknowledges the inherent limitations of this conservative, step-wise methodology and notes 
that it is possible that EPA may have incorrectly assumed that a particular waste does (or does not) exhibit one or 
more of the RCRA hazardous waste characteristics. 

4 Based on the assumption of a theoretical worst-case leaching of 100 percent and the design of the TCLP extraction test, 
where 100 grams of sample is diluted with two liters of extractant, the maximum possible TCLP concentration of any TC metal 
would be 1/20th of the total constituent concentration. 



B. MINERAL OPERATIONS THAT MAY GENERATE HAZARDOUS WASTE 

1. Introduction 

EPA collected, evaluated for relevance (both applicability and age), and compiled publicly available 
information to prepare 49 analyses covering 62 commodity groups. Each commodity analysis consists of a 
commodity summary describing the uses of and salient statistics pertaining to the particular commodity, a process 
description section with detailed, current process information and process flow diagram(s), and a process waste 
stream section that identifies -- to the maximum extent practicable -- individual wastes, sorted by the nature of the 
operation (i.e., extraction/beneficiation or mineral processing). 

Through this process, EPA identified a total of 553 waste streams from a review of all mineral sectors. 
After careful analysis, EPA determined that 40 commodity sectors generated a total of 358 waste streams that could 
be classified as mineral processing wastes, 133 of which are believed to exhibit one or more of the characteristics of 
a hazardous waste. At this time, EPA has insufficient information to determine whether the following commodity 
sectors also generate wastes that could be classified as mineral processing wastes: Bromine, Gemstones, Iodine, 
Lithium, Lithium Carbonate, Soda Ash, Sodium Sulfate, and Strontium. 

EPA strongly cautions that the process information and identified waste streams presented in the 
commodity reports should not be construed as an authoritative list of processes and waste streams. These reports 
represent a best effort, and clearly do not include every potential process and waste stream affected by today's final 
rule. Furthermore, the omission of an actual waste stream (and thus it's not being classified as either an 
extraction/beneficiation or mineral processing waste in this report) does not relieve the generator from its 
responsibility of correctly determining whether the particular waste is covered by the Mining Waste Exclusion. 

2. Alphabetical Listing of Mineral Commodities and Waste Streams 

A listing of the mineral commodity sectors that are likely to generate newly identified hazardous wastes is 
presented in Exhibit 1-2. Exhibit 1-2 also presents a brief description of the production operations used to generate 
the mineral processing wastes, estimated/reported annual waste generation rates, and the specific RCRA 
characteristics causing individual wastes to be hazardous. This table lists only those mineral processing wastes 
which EPA believes are or may be hazardous. The Agency’s assumptions concerning the characteristics of the 
wastes are indicated in Exhibit 1-2 as follows: 

Y = known to be hazardous

Y? = suspected to be hazardous

N? = suspected to be not hazardous

N = believed to be not hazardous




EXHIBIT 1-2


LISTING OF HAZARDOUS MINERAL PROCESSING WASTES BY COMMODITY SECTOR


Commodity Waste Stream 

Reported 
Generation 
(1000mt/yr) 

Est./Reported 
Generation 
(1000mt/yr) 

Number
of 

Facilities 
with 

Process 

TC Metals 
Other Hazardous 
Characteristics 

Min Avg. Max As Ba Cd Cr Pb Hg Se Ag Corr Ignit Rctv 
Alumina and Aluminum 
Metallurgical grade alumina is extracted from 
bauxite by the Bayer process and aluminum is 
obtained from this purified ore by electrolysis via the 
Hall-Heroult process. Bayer process consists of 
the following five steps: 
bauxite digestion, (3) clarification, (4) aluminum 
hydroxide precipitation, and (5) calcination to 
anhydrous alumina. 
aluminum is produced through the electrolysis of 
alumina dissolved in a molten cryolite-based bath, 
with molten aluminum being deposited on a carbon 
cathode. 

Cast house dust 19 19 19 19 23 Y Y N? N? N? 

Electrolysis waste 58 58 58 58 23 Y? N? N? N? 

Antimony 
Primary antimony is usually produced as a by-
product or co-product of mining, smelting, and 
refining of other antimony-containing ores such as 
tetrahedrite or lead ore.  can be produced 

Autoclave filtrate NA 0.32 27 54 6 Y? Y? Y? Y? Y? N? N? 

The 
(1) ore preparation, (2) 

In the Hall-Heroult process, 

Antimony
using either pyrometallurgical processes or a 
hydrometallurgical process. For the 
pyrometallurgical processes, the method of recovery 
depends on the antimony content of the sulfide ore, 
and will consist of either volatilization, smelting in a 
blast furnace, liquation, or iron precipitation. 
Antimony also can be recovered 
hydrometallurgically by leaching and electrowinning. 

Beryllium 
Bertrandite and beryl ores are treated using two 
separate processes to produce beryllium sulfate, 
BeSO4: a counter-current extraction process and 
the Kjellgren-Sawyer process. The intermediates 
from the two ore extraction processes are combined 
and fed to another extraction process. This 
extraction process removes impurities solubilized 
during the processing of the bertrandite and beryl 
ores and converts the beryllium sulphate to beryllium 
hydroxide, Be(OH)2. The beryllium hydroxide is 
further converted to beryllium fluoride, BeF2, which is 
then catalytically reduced to form metallic beryllium. 

Stripped anolyte solids 0.19 0.19 0.19 0.19 2 Y? N? N? N? 

Slag and furnace residue 21 21 21 21 6 Y? N? N? N? 

Chip treatment 
wastewater NA 0.2 2000 2 Y? N? N? N? 

Spent barren filtrate 55 55 55 55 1 Y N? N? N? 

100 

Filtration discard NA 0.2 45 90 2 Y? N? N? N? 



EXHIBIT 1-2 (Continued) 

Commodity Waste Stream 

Reported 
Generation 
(1000mt/yr) 

Est./Reported 
Generation 
(1000mt/yr) 

Number 
of 

Facilities 
with 

Process 

TC Metals 
Other Hazardous 
Characteristics 

Min Avg. Max As Ba Cd Cr Pb Hg Se Ag Corr Ignit Rctv 
Bismuth 
Bismuth is recovered mainly during the smelting of 
copper and lead ores. uth-containing dust from 

Alloy residues NA 0.1 3 6 1 Y? N? N? N? 

Spent caustic soda NA 0.1 6.1 12 1 Y? N? N? N? Bism
copper smelting operations is transferred to lead 
smelting operations for recovery. At lead smelting 
operations bismuth is recovered either by the 
Betterton-Kroll process or the Betts Electrolytic 
process. In the Betterton-Kroll process, magnesium 
and calcium are mixed with molten lead to form a 

Electrolytic slimes NA 0 0.02 0.2 1 Y? N? N? N? 

Lead and zinc chlorides NA 0.1 3 6 1 Y? N? N? N? 

Metal chloride residues 3 3 3 3 1 Y? N? N? N? 

Slag NA 0.1 10 1 Y? N? N? N? 1 
dross that contains bismuth. The dross is treated

with chlorine or lead chloride and oxidized by using

air or caustic soda to remove impurities. In the Betts

Electrolytic process, lead bullion is electrolyzed. 

The resulting impurities, including bismuth, are

smelted, reduced and refined.


Spent electrolyte NA 0.1 6.1 12 1 Y? N? N? N? 

Spent soda solution NA 0.1 6.1 12 1 Y? Y? N? N? 

Waste acid solutions NA 0.1 6.1 12 1 Y? N? N? 

Waste acids NA 0 0.1 0.2 1 Y? N? N? 

CadmiumCadmium is obtained as a byproduct of 
zinc metal production. 

Caustic washwater NA 0.19 1.9 19 2 Y? Y? N? N? 
Cadmium metal is obtained 

from zinc fumes or precipitates via a 
hydrometallurgical or a pyrometallurgical process. 
The hydrometallurgical process consists of the 
following steps: (1) precipitates leached with sulfuric 
acid, (2) cadmium precipitated with a zinc dust 
addition, (3) precipitate filtered and pressed into filter 
cake, (4) impurities removed from filter cake to 
produce sponge, (5) sponge dissolved with sulfuric 
acid, (6) electrolysis of solution, and (7) cadmium 
metal melted and cast. The pyrometallurgical 
process consists of the following steps: (1) 
cadmium fumes converted to water- or acid-soluble 
form, (2) leached solution purified, (3) galvanic 
precipitation or electrolysis, and (4) metal briquetted 
or cast. 

Copper and lead sulfate 
filter cakes NA 0.19 19 2 Y? Y? N? N? N? 

Copper removal filter 
cake NA 0.19 19 2 Y? N? N? N? 

Iron containing impurities NA 0.19 1.9 19 2 Y? N? N? N? 

Spent leach solution NA 0.19 1.9 19 2 Y? Y? Y? Y? N? N? 

Lead sulfate waste NA 0.19 1.9 19 2 Y? Y? N? N? N? 

Post-leach filter cake NA 0.19 1.9 19 2 Y? N? N? N? 

Spent purification solution NA 0.19 1.9 19 2 Y? Y? N? N? 

Scrubber wastewater NA 0.19 1.9 19 2 Y? Y? N? N? 

Spent electrolyte NA 0.19 1.9 19 2 Y? Y? N? N? 

1.9 

1.9 

Zinc precipitates NA 0.19 1.9 19 2 Y? N? N? N? 

Calcium 
Calcium metal is produced by the Aluminothermic 
method. 
oxide, obtained by quarrying and calcining calcium 
limestone, is blended with finely divided aluminum 
and reduced under a high temperature vacuum. 
process produces 99% pure calcium metal which 
can be further purified through distillation. 

Dust with quicklime 0.04 0.04 0.04 0.04 1 Y? N? N? 

In the Aluminothermic method, calcium 

The 



EXHIBIT 1-2 (Continued) 

Commodity Waste Stream 

Reported 
Generation 
(1000mt/yr) 

Est./Reported 
Generation 
(1000mt/yr) 

Number 
of 

Facilities 
with 

Process 

TC Metals 
Other Hazardous 
Characteristics 

Min Avg. Max As Ba Cd Cr Pb Hg Se Ag Corr Ignit Rctv 
Chromium and Ferrochromium 
Chromite ore is prepared for processing using 
several methods, depending on the ore source and 
the end use requirements, although many of these 
beneficiation operations may not be conducted in 
the United States. 

ESP dust 3 3 3 3 1 Y Y N? N? N? 

Either ferrochromium or sodium 
chromate is initially produced, and may be sold or 
further processed to manufacture other chromium 
compounds, as well as chromium metal. 
Ferrochromium is made by smelting chromite ore in 
an electric arc furnace with flux materials and 
carbonaceous redcutant. 

GCT sludge NA 0.03 0.3 3 1 Y? N? N? N? 

Coal Gas 
Coal is crushed and gasified in the presence of 
steam and oxygen, producing carbon dioxide and 
carbon monoxide, which further react to produce 
carbon oxides, methane and hydrogen. 
gas is separated from the flue gas, and is processed 
and purified to saleable methane. 

Multiple effects 
evaporator concentrate NA 0 65 1 Y Y N? N? N? 

The product 
0 

Copper Acid plant blowdown 5300 5300 5300 5300 10 Y Y Y N? N? Y Y Y Y Y 
Copper is recovered from ores using either 
pyrometallurgical or hydrometallurgical processes. 
In both cases, the copper-bearing ore is crushed, 
ground, and concentrated (except in dump leaching). 
Pyrometallurgical processing can take as many as 
five steps: roasting, smelting, converting, fire 
refining, and electrorefining. Hydrometallurgical 
processing involves leaching, followed by either 
precipitation or solvent extraction and 
electrowinning. 

Elemental Phosphorus 
Phosphate rock or sintered/agglomerated fines are 
charged into an electric arc furnace with coke and 
silica. This yields calcium silicate slag and 
ferrophosphorus, which are tapped. Dusts are 
removed from the furnace offgases and phosphorus 
is removed from the dusts by condensation. 

APC dusts/sludges NA 1 220 450 10 Y? N? N? N? 

Waste contact cooling 
water 13 13 13 13 10 Y? N? N? N? 

Tankhouse slimes 4 4 4 4 10 Y? Y? Y? Y? N? N? N? 

Spent bleed electrolyte 310 310 310 310 10 Y Y Y Y Y Y Y N? N? 

Spent furnace brick 3 3 3 3 10 Y? N? N? N? 

Process wastewaters 4900 4900 4900 4900 10 Y Y Y Y Y? Y N? N? 

WWTP sludge 6 6 6 6 10 Y? Y? N? N? N? 

Andersen Filter Media 0.46 0.46 0.46 0.46 2 Y N? N? N? 

Precipitator slurry 160 160 160 160 2 Y? N? Y Y 

NOSAP slurry 160 160 160 160 2 N? N? Y 

Phossy Water 670 670 670 670 2 Y? N? Y Y 

Furnace scrubber 
blowdown 410 410 410 2 Y Y N? N? 410 

Furnace Building 
Washdown 700 700 700 2 Y N? N? N? 700 



EXHIBIT 1-2 (Continued) 

Commodity Waste Stream 

Reported 
Generation 
(1000mt/yr) 

Est./Reported 
Generation 
(1000mt/yr) 

Number 
of 

Facilities 
with 

Process 

TC Metals 
Other Hazardous 
Characteristics 

Min Avg. Max As Ba Cd Cr Pb Hg Se Ag Corr Ignit Rctv 
Fluorspar and Hydrofluoric Acid 
Raw fluorspar ore is crushed, ground, and 
concentrated. 
concentrate) is mixed with sulfuric acid in a heated 
retort kiln, reacting to produce hydrogen fluoride gas 
and fluorogypsum. 
and condensed, and sold as either hydrofluoric acid 
solution or anhydrous hydrogen fluoride. 

Off-spec fluosilicic acid NA 0 15 44 3 Y? N? N? 

Acid grade fluorspar (a pure form of 

The gas is cooled, scrubbed, 

Germanium 
Germanium is recovered as a by-product of other 
metals, mostly copper, zinc, and lead. Germanium-
bearing residues from zinc-ore processing facilities, 
a main source of germanium metal, are roasted and 
sintered. The sintering fumes, containing oxidized 
germanium, are leached with sulfuric acid to form a 
solution. Germanium is precipitated from the 
solution by adding zinc dust. Following precipitation, 
the germanium concentrates are refined by adding 
hydrochloric acid or chlorine gas to produce 
germanium tetrachloride, which is hydrolyzed to 
produce solid germanium dioxide. 
involves reducing germanium dioxide with hydrogen 
to produce germanium metal. 

The final step 

Waste acid wash and 
rinse water NA 0.4 4 4 Y? Y? Y? Y? Y? Y? Y? N? N? 

Chlorinator wet air 
pollution control sludge NA 0.01 0.4 4 Y? Y? Y? Y? Y? Y? N? N? N? 

Hydrolysis filtrate NA 0.01 0.21 0.4 4 Y? Y? Y? Y? Y? Y? N? N? N? 

Leach residues 0.01 0.01 0.01 0.01 3 Y? Y? N? N? N? 

Spent acid/leachate NA 0.4 2.2 4 4 Y? Y? Y? N? N? 

Waste still liquor NA 0.01 0.21 0.4 4 Y? Y? Y? Y? Y? Y? N? Y? N? 

2.2 

0.21 



EXHIBIT 1-2 (Continued) 

Commodity Waste Stream 

Reported 
Generation 
(1000mt/yr) 

Est./Reported 
Generation 
(1000mt/yr) 

Number
of 

Facilities 
with 

Process 

TC Metals 
Other Hazardous 
Characteristics 

Min Avg. Max As Ba Cd Cr Pb Hg Se Ag Corr Ignit Rctv 
Gold and Silver 
Gold and Silver may be recovered from either ore or 
the refining of base metals. Extracted ore is crushed 
or ground and then subjected to oxidation by 
roasting, autoclaving, bio-oxidation, or chlorination, 
and then cyanide leaching (heap, vat, or agitation). 
The metals are recovered by activated carbon 
loading or the Merrill Crowe process. 
carbon loading involves bringing precious metal 
leach solutions into contact with activated carbon by 
the carbon-in-column, carbon-in-pulp, or carbon-in-
leach process. 
by acid leaching or electrolysis. he Merrill Crowe 
process consistes of filtering and deaerating the 
leach solution and then precipitating the precious 
metals with zinc powder. 
melted and cast into bars.  of precious 
metals from lead refinery slimes is a normal part of 
the operation called “desilverizing.” 
previous stages of refining is brought into contact 
with a zinc bath which absorbs the precious metals. 
Base metals are removed and the dore is sent to 
refining. 

Slag NA 0.1 360 720 16 Y? N? N? N? 

Spent furnace dust NA 0.1 360 720 16 Y? Y? N? N? 

Lead 
Lead ores are crushed, ground, and concentrated. 
Pelletized concentrates are then fed to a sinter unit 
with other materials (e.g., smelter byproducts, coke). 

Acid plant sludge 14 14 14 14 3 Y? N? N? 

Baghouse incinerator ash NA 0.3 3 30 3 Y Y N? N? N? 

Activated 

Gold and silver are then separated 
T

The solids are filtered out, 
The recovery

Lead from 

The sintered material is then introduced into a blast 
furnace along with coke and fluxes. The resulting 
bullion is drossed to remove lead and other metal 
oxides. The lead bullion may also be decopperized 
before being sent to the refining stages. Refining 
operations generally consist of several steps, 
including (in sequence) softening, desilverizing, 
dezincing, bismuth removal and final refining. 
During final refining, lead bullion is mixed with 
various fluxes and reagents to remove remaining 
impurities. 

Slurried APC Dust 7 7 7 7 3 Y Y N? N? N? 

Solid residues 0.4 0.4 0.4 0.4 3 Y? N? N? N? 

Spent furnace brick 1 1 1 1 3 Y N? N? N? 

Stockpiled miscellaneous 
plant waste NA 0.3 130 3 Y Y N? N? N? 

WWTP solids/sludges 380 380 380 380 3 Y? Y? Y N? N? 

WWTP liquid effluent 2600 2600 2600 2600 3 Y? Y? N? N? 

67 



EXHIBIT 1-2 (Continued) 

Commodity Waste Stream 

Reported 
Generation 
(1000mt/yr) 

Est./Reported 
Generation 
(1000mt/yr) 

Number 
of 

Facilities 
with 

Process 

TC Metals 
Other Hazardous 
Characteristics 

Min Avg. Max As Ba Cd Cr Pb Hg Se Ag Corr Ignit Rctv 
Magnesium and Magnesia from Brines 
Magnesium is recovered through two processes: 
(1) electrolytic and (2) thermal. tic 
production with hydrous feed, magnesium hydroxide 
is precipitated from seawater and settled out. 
underflow is dewatered, washed, reslurried with 
wash water, and neutralized with HCL and H2SO4. 
The brine is filtered, purified, dried, and fed into the 
electrolytic cells. natively, surface brine is 
pumped to solar evaporation ponds, where it is 
dried, concentrated, and purified. 
powder is melted, fed into the electrolytic cells, and 
then casted. o thermal production processes 
for magnesium are the carbothermic process and 
the silicothermic process. bothermic 
process, magnesium oxide is reduced with carbon to 
produce magnesium in the vapor phase, which is 
recovered by shock cooling. mic 
process, silica is reacted with carbon to give silicon 
metal which is subsequently used to produce 
magnesium.  calcining 
magnesite or magnesium hydroxide or by the 
thermal decomposition of magnesium chloride, 
magnesium sulfate, magnesium sulfite, 
nesquehonite, or the basic carbonate. 

Cast house dust NA 0.076 0.76 7.6 1 Y? N? N? N? 

Smut 26 26 26 2 Y N? N? N? 

Mercury 
Mercury currently is recovered only from gold ores. 
Sulfide-bearing gold ore is roasted, and the mercury 
is recovered from the exhaust gas. 
gold ore is crushed and mixed with water, and sent 
to a classifier, followed by a concentrator. 
concentrate is sent to an agitator, where it is leached 
with cyanide.  is filtered and the filtrate is 
sent to electrowinning, where the gold and mercury 

Dust 0.007 0.007 007 7 Y? N? N? N? 

Quench water NA 63 77 420 7 Y? Y? N? N? N? 

In electroly

The 

Alter

The resulting 

The tw

In the car

In the silicother

Magnesia is produced by

26 

Oxide-based 

The 

The slurry

0.007 0.

are deposited onto stainless steel wool cathodes. 
The cathodes are sent to a retort, where the mercury 
vaporizes with other impurities. 
condensed to recover the mercury which is then 
purified. 

Furnace residue 0.077 0.077 0.077 0.077 7 Y? N? N? N? The vapor is 



EXHIBIT 1-2 (Continued) 

Commodity Waste Stream 

Reported 
Generation 
(1000mt/yr) 

Est./Reported 
Generation 
(1000mt/yr) 

Number
of 

Facilities 
with 

Process 

TC Metals 
Other Hazardous 
Characteristics 

Min Avg. Max As Ba Cd Cr Pb Hg Se Ag Corr Ignit Rctv 
Molybdenum, Ferromolybdenum, and 
Ammonium Molybdate 
Production of molybdenum and molybdenum 
products, including ammonium molybdate, begins 
with roasting. bdic oxide is 
made by roasting concentrated ore. bdic 
oxide is produced from technical grade molybdic 
oxide either by sublimation and condensing, or by 
leaching. bdate is formed by 
reacting technical grade oxide with ammonium 
hydroxide and crystallizing out the pure molybdate. 
Molybdenum powder is formed using hydrogen to 
reduce ammonium molybdate or pure molybdic 
oxide. bdenum is typically produced by 
reaction of technical grade molybdic oxide and iron 
oxide with a conventional metallothermic process 
using silicon and/or aluminum as the reductant. 

Flue dust/gases NA 1.1 250 500 11 Y? N? N? N? 

Liquid residues 1 1 1 1 2 Y? Y? Y? Y? N? N? N? 

Platinum Group Metals 
Platinum-group metals can be recovered from a 
variety of different sources, including electrolytic 
slimes from copper refineries and metal ores. 
production of platinum-group metals from ore 

Slag NA 0.0046 .046 .46 3 Y? Y? N? N? N? 

Technical grade moly
Pure moly

Ammonium moly

Ferromoly

The 

0 0

involves mining, concentrating, smelting, and 
refining. In the concentrating step, platinum ore is 
crushed and treated by froth flotation. The 
concentrates are dried, roasted, and fused in a 
smelter furnace, which results in the formation of 
platinum-containing sulfide matte. 
extraction is used to separate and purify the six 
platinum-group metals in the sulfide matte. 

Rare Earths 
Rare earth elements are produced from monazite 

Solvent 

and bastnasite ores by sulfuric and hydrochloric acid 
digestion. Processing of rare earths involves 
fractional crystallization and precipitation followed by 
solvent extraction to separate individual rare earth 
elements from one another. Ion exchange or 
calcium reduction produces highly pure rare earths 
in small quantities. Electrolytic reduction of rare 
earth chlorides followed by crushing produces a 
complex alloy of rare earth metals commonly known 
as mischmetal. 

Spent acids NA 0.3 1.7 3 3 Y? Y? Y? N? N? 

Spent solvents NA 0.3 1.7 3 3 Y? Y? N? Y? N? 

Spent ammonium nitrate 
processing solution 14 14 14 1 Y N? N? 

Electrolytic cell caustic 
wet APC sludge NA 0.07 7 1 Y? N? N? 

Process wastewater 7 7 7 7 1 Y Y? N? N? 

Spent scrubber liquor NA 0.1 500 1000 1 Y? N? N? 

Solvent extraction crud NA 0.1 2.3 4.5 1 N? Y? N? 

Spent lead filter cake NA 0.17 0.21 0.25 1 Y? N? N? N? 

14 

0.7 

Waste solvent NA 0.1 50 100 1 N? Y? N? 



EXHIBIT 1-2 (Continued) 

Commodity Waste Stream 

Reported 
Generation 
(1000mt/yr) 

Est./Reported 
Generation 
(1000mt/yr) 

Number 
of 

Facilities 
with 

Process 

TC Metals 
Other Hazardous 
Characteristics 

Min Avg. Max As Ba Cd Cr Pb Hg Se Ag Corr Ignit Rctv 
Wastewater from caustic 
wet APC NA 0.1 1000 1 Y? Y? Y? N? N? 

Rhenium 
In general, rhenium is recovered from the off-gases 
produced when molybdenite, a byproduct of the 
processing of porphyry copper ores for molybdenum, 
is roasted. bdenite 
concentrates are converted to molybdic oxide and 
rhenium is converted to rhenium heptoxide. 
rhenium oxides are sublimed and carried off with the 
roaster flue gas. 
the off-gases by the following five steps: 
scrubbing; (2) solvent extraction or ion exchange; (3) 
precipitation (addition of H2S and HCl) and filtration; 
(4) oxidation and evaporation; and (5) reduction. 

Spent barren scrubber 
liquor NA 0 0.2 2 Y? N? N N 

Spent rhenium raffinate 88 88 88 88 2 Y? N? N? N? 

500 

During the roasting process, moly

The 

Rhenium is then recovered from 
(1) 

0.1 

Scandium 
Scandium is generally produced by small bench-
scale batch processes. 
scandium resource is fluorite tailings containing 
thortveitite and associated scandium-enriched 
minerals. 

Spent acids NA 0.7 3.9 7 7 Y? N? N? The principal domestic 

Scandium can be recovered from 
thortveitite using several methods. 
involves a distinct initial step (i.e., acid digestion, 
grinding, or chlorination) followed by a set of 
common recovery steps, including leaching, 
precipitation, filtration, washing, and ignition at 
900°C to form scandium oxide. 

Spent solvents from 
solvent extraction NA 0.7 7 7 N? Y? N? 

Selenium 
The two principle processes for selenium recovery 
are smelting with soda ash and roasting with soda 

Spent filter cake NA 0.05 0.5 5 3 Y? N? N? N? 

Each method 

3.9 

ash. Other methods include roasting with fluxes, 
during which the selenium is either volatilized as an 
oxide and recovered from the flue gas, or is 
incorporated in a soluble calcine that is 
subsequently leached for selenium. In some 
processes, the selenium is recovered both from the 
flue gas and from the calcine. To purify the crude 
selenium, it is dissolved in sodium sulfite and filtered 
to remove unwanted solids. The resulting filtrate is 
acidified with sulfuric acid to precipitate selenium. 
The selenium precipitate is distilled to drive off 
impurities. 

Plant process wastewater 66 66 66 66 2 Y Y N? N? 

Slag NA 0.05 5 3 Y? N? N? N? 

Tellurium slime wastes NA 0.05 0.5 5 3 Y? N N? N? 

0.5 

Waste solids NA 0.05 0.5 5 3 Y? N? N? N? 
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Commodity Waste Stream 

Reported 
Generation 
(1000mt/yr) 

Est./Reported 
Generation 
(1000mt/yr) 

Number 
of 

Facilities 
with 

Process 

TC Metals 
Other Hazardous 
Characteristics 

Min Avg. Max As Ba Cd Cr Pb Hg Se Ag Corr Ignit Rctv 
Synthetic Rutile 
Synthetic rutile is manufactured through the 
upgrading of ilmenite ore to remove impurities 
(mostly iron) and yield a feedstock for production of 
titanium tetrachloride through the chloride process. 
The various processes developed can be organized 
in three categories: hich the iron 
in the ilmenite ore is completely reduced to metal 
and separated either chemically or physically; 
(2) processes in which iron is reduced to the ferrous 
state and chemically leached from the ore; and 
(3) processes in which selective chlorination is used 
to remove the iron. 
Benelite Cyclic process uses hydrochloric acid to 
leach iron from reduced ilmenite. 

Spent iron oxide slurry 45 45 45 45 1 Y? Y? N? N? N? 

APC dust/sludges 30 30 30 30 1 Y? Y? N? N? N? 

Spent acid solution 30 30 30 30 1 Y? Y? Y? N? N? 

(1) processes in w

In addition, a process called the 

Tantalum, Columbium, and Ferrocolumbium 
Tantalum and columbium ores are processed by 
physically and chemically breaking down the ore to 
form columbium and tantalum salts or oxides, and 
separating the columbium and tantalum salts or 
oxides from one another. hese salts or oxides may 
be sold, or further processed to reduce the salts to 
the respective metals. 
smelting the ore with iron, and can be sold as a 
product or further processed to produce tantalum 
and columbium products. 

Tellurium 
The process flow for the production of tellurium can 
be separated into two stages. 
involves the removal of copper from the copper 
slimes.  of 
tellurium metal and purification of the recovered 
tellurium.  removed from slimes 
by aeration in dilute sulfuric acid, oxidative pressure-
leaching with sulfuric acid, or digestion with strong 
acid. 
then recovered by cementing, leaching the cement 
mud, and neutralizing with sulfuric acid. 
recovered from the precipitated tellurous acid by the 
following three methods: (1) direct reduction; (2) acid 
precipitation; and (3) electrolytic purification. 

T

Ferrocolumbium is made by 

The first stage 

The second stage involves the recovery

Copper is generally

Tellurous acid (in the form of precipitates) is 

Tellurium is 

Digester sludge 1 1 1 1 2 Y? N? N? 

Process wastewater 150 150 150 150 2 Y? Y? Y? Y? Y? Y N? N? 

Spent raffinate solids 2 2 2 2 2 Y? N? N? 

Slag NA 0.2 9 2 Y? N? N? N? 

Solid waste residues NA 0.2 2 9 2 Y? N? N? N? 

Waste electrolyte NA 0.2 2 20 2 Y? Y? N? N? N? 

Wastewater NA 0.2 40 2 Y? Y? N? N? 

2 

20 



EXHIBIT 1-2 (Continued) 

Commodity Waste Stream 

Reported 
Generation 
(1000mt/yr) 

Est./Reported 
Generation 
(1000mt/yr) 

Number 
of 

Facilities 
with 

Process 

TC Metals 
Other Hazardous 
Characteristics 

Min Avg. Max As Ba Cd Cr Pb Hg Se Ag Corr Ignit Rctv 
Titanium and Titanium Dioxide 
Titanium ores are utilized in the production of four 

Pickle liquor and wash 
water NA 2.2 3.2 3 Y? Y? Y? Y? N? N? 2.7 

major titanium-based products: titanium dioxide 
(TiO2) pigment, titanium tetrachloride (TiCl4), titanium 
sponge, and titanium ingot/metal. The primary 
titanium ores for manufacture of these products are 
ilmenite and rutile. TiO2 pigment is manufactured 
through either the sulfate, chloride, or chloride
ilmenite process. The sulfate process employs 
digestion of ilmenite ore or TiO2-rich slag with 
sulfuric acid to produce a cake, which is purified and 
calcined to produce TiO2 pigment. In the chloride 
process, rutile, synthetic rutile, or high-purity ilmenite 
is chlorinated to form TiCl4, which is purified to form 
TiO2 pigment. In the chloride-ilmenite process, a 
low-purity ilmenite is converted to TiCl4 in a two-
stage chlorination process. Titanium sponge is 
produced by purifying TiCl4 generated by the 
chloride or chloride-ilmenite process. Titanium 

Scrap milling scrubber 
water NA 4 6 1 Y? Y? Y? Y? N? N? N? 

Smut from Mg recovery NA 0.1 22 45 2 N? N? Y 

Leach liquor and sponge 
wash water NA 380 580 2 Y? Y? Y N? N? 

Spent surface 
impoundment liquids NA 0.63 6.7 7 Y? Y? N? N? N? 

Spent surface 
impoundments solids 36 36 36 7 Y? Y? N? N? N? 

Waste acids (Sulfate 
process) NA 0.2 77 2 Y Y Y Y Y N N 

Waste acids (Chloride 
process) 49 49 49 49 7 Y? Y? Y? Y N N 

5 

480 

3.4 

36 

39 

sponge is cast into ingots for further processing into 
titanium metal. WWTP sludge/solids 420 420 420 420 7 Y? N N N 

Tungsten 
Tungsten production consists of four distinct stages: 
(1) ore preparation, (2) leaching, (3) purification to 
APT, and (4) reducing APT to metal. 
preparation involves gravity and flotation methods. 
Concentration is usually accomplished by froth 
flotation, supplemented by leaching, roasting, or 
magnetic or high tension separation. 
concentrate is then processed to APT via either 
sodium tungstate or tungstic acid (which was 
digested with aqueous ammonia) to solubilize the 
tungsten as ammonia tungstate. 
and processing yields APT. 
tungsten oxide by calcining in a rotary furnace. 
Tungsten oxides are reduced to metal powder in 
high temperature furnaces. 
formed by reducing APT or tungsten oxides in the 
presence of carbon. 

Spent acid and rinse 
water NA 0 21 6 Y? N? N? 

Process wastewater NA 2.2 4.4 9 6 Y? N? N? 

Ore 

The 

Further purification 
APT is converted to 

Tungsten carbide is 

0 



EXHIBIT 1-2 (Continued) 

Commodity Waste Stream 

Reported 
Generation 
(1000mt/yr) 

Est./Reported 
Generation 
(1000mt/yr) 

Number
of 

Facilities 
with 

Process 

TC Metals 
Other Hazardous 
Characteristics 

Min Avg. Max As Ba Cd Cr Pb Hg Se Ag Corr Ignit Rctv 
Uranium 
Uranium ore is recovered using either conventional 
milling or solution mining (in situ leaching). 
Beneficiation of conventionally mined ores involves 
crushing and grinding the extracted ores followed by 
a leaching circuit. In situ operations use a leach 

Waste nitric acid from 
UO2 production NA 1.7 3.4 17 Y? N? N? 

Vaporizer condensate NA 1.7 9.3 17 17 Y? N? N? 

2.5 

solution to dissolve desirable uraniferous minerals 
from deposits in-place. Uranium in either case is 
removed from pregnant leach liquor and 
concentrated using solvent extraction or ion 
exchange and precipitated to form yellowcake. 
Yellowcake is then processed to produce uranium 

Superheater condensate NA 1.7 9.3 17 17 Y? N? N? 

Slag NA 0 17 17 N? Y? N? 8.5 

fluoride (UF6), which is then enriched and further 
refined to produce the fuel rods used in nuclear 
reactors. 

Uranium chips from ingot 
production NA 1.7 3.4 17 N? Y? N? 

Zinc Acid plant blowdown 130 130 130 130 1 Y Y Y Y? Y? Y Y Y N N 

2.5 

Zinc-bearing ores are crushed and undergo flotation 
to produce concentrates of 50 to 60% zinc. Zinc is 
then processed through either of two primary 
processing methods: electrolytic or 
pyrometallurgical. Electrolytic processing involves 
digestion with sulfuric acid and electrolytic refining. 
In pyrometallurgical processing, calcine is sintered 
and smelted in batch horizontal retorts, externally-
heated continuous vertical retorts, or electrothermic 
furnaces. In addition, zinc is smelted in blast 
furnaces through the Imperial Smelting Furnace 
process, which is capable of recovering both zinc 
and lead from mixed zinc-lead concentrates. 

Waste ferrosilicon 17 17 17 17 1 Y? N? N? N? 

Process wastewater 5000 5000 5000 5000 3 Y Y Y Y Y Y Y N? N? 

Discarded refractory brick 1 1 1 1 1 Y? Y? Y? Y? N? N? N? 

Spent cloths, bags, and 
filters 0.15 0.15 0.15 3 Y? Y? Y? Y? Y? N? N? N? 

Spent goethite and leach 
cake residues 15 15 15 3 Y Y Y Y? Y? Y Y N? N? N? 

Spent surface 
impoundment liquids 1900 1900 1900 3 Y? Y N? N? 

WWTP Solids 0.75 0.75 0.75 0.75 3 Y? Y? Y? Y? Y? Y? N? N? N? 

Spent synthetic gypsum 16 16 16 16 3 Y? Y Y? N? N? N? 

TCA tower blowdown 0.25 0.25 0.25 0.25 1 Y? Y? Y? Y? Y? N? N? 

0.15 

15 

1900 

Wastewater treatment 
plant liquid effluent 2600 2600 2600 3 Y? N? N? N? 2600 



EXHIBIT 1-2 (Continued) 

Commodity Waste Stream 

Reported 
Generation 
(1000mt/yr) 

Est./Reported 
Generation 
(1000mt/yr) 

Number
of 

Facilities 
with 

Process 

TC Metals 
Other Hazardous 
Characteristics 

Min Avg. Max As Ba Cd Cr Pb Hg Se Ag Corr Ignit Rctv 
Zirconium and Hafnium 
The production processes used at primary zirconium 
and hafnium manufacturing plants depend largely on 
the raw material used. Six basic operations may be 
performed: 
calcining, (4) pure chlorination, (5) reduction, and (6) 

Spent acid leachate from 
Zr alloy prod. NA 0 850 2 Y? N? N? 

Spent acid leachate from 
Zr metal prod. NA 0 1600 2 Y? N? N? (1) sand chlorination, (2) separation, (3) 

0 

0 

purification. Plants that produce zirconium and 
hafnium from zircon sand use all six of these 
process steps. hich produce zirconium from 
zirconium dioxide employ reduction and purification 
steps only. 

Plants w

Leaching rinse water from 
Zr alloy prod. NA 34 51 2 Y? N? N? 

Leaching rinse water from 
Zr metal prod. NA 0.2 2000 2 Y? N? N? 

42 

1000 

1/ Corr., Ignit., and Rctv. refer to the RCRA hazardous characteristics of corrosivity, ignitability, and reactivity. 



C. SUMMARY OF FINDINGS 

EPA has determined that 48 commodity sectors generate a total of 553 waste streams that could be 
classified as either extraction/beneficiation or mineral processing wastes. After careful review, EPA determined that 
40 commodity sectors generate a total of 358 waste streams that could be classified as mineral processing wastes. 

Of the 358 mineral processing waste streams identified by the Agency, EPA has sufficient information 
(based on either analytical test data or engineering judgment) to determine that 133 waste streams (from 30 
commodity sectors) are possibly RCRA hazardous wastes because they exhibit one or more of the RCRA hazardous 
waste characteristics. Exhibit 1-3 identifies the mineral processing commodity sectors that are likely to generate 
RCRA hazardous mineral processing wastes and therefore are likely to be subject to the Land Disposal Restrictions. 
Exhibit 1-3 also summarizes the total number of hazardous waste streams by sector and the estimated total volume of 
hazardous wastes generated annually. At this time, however, EPA has insufficient information to determine whether 
the following sectors also generate wastes that could be classified as hazardous mineral processing wastes: Bromine, 
Gemstones, Iodine, Lithium, Lithium Carbonate, Soda Ash, Sodium Sulfate, and Strontium. 

EXHIBIT 1-3 

IDENTIFICATION OF HAZARDOUS MINERAL PROCESSING WASTE STREAMS 
LIKELY SUBJECT TO THE LDRS 

Estimated Annual Generation Rate (1,000 mt/yr) 
(Rounded to the Nearest 2 Significant Figures) 

Mineral Processing Commodity Sectors 

Number of 
Waste 
Streams 1/ Low Estimate Medium Estimate High Estimate 

Alumina and Aluminum 2 77 77 77 

Antimony 3 2 8 75 

Beryllium 3 55 200 2,100 

Bismuth 10 3.7 35 73 

Cadmium 11 2.1 21 210 

Calcium Metal 1 0.040 0.040 0.040 

Chromium and Ferrochromium 2 3.0 3.3 6.0 

Coal  Gas 1 65 

Copper 8 10,500 10,800 11,000 

Elemental Phosphorus 6 2,100 2,100 2,100 

Fluorspar and Hydrofluoric Acid 1 0 15 45 

Germanium 6 0.84 5.0 9.2 

Gold and Silver 2 0.2 720 1400 

Lead 8 3,000 3,080 3,200 

Magnesium and Magnesia from Brines 2 26 27 34 

Mercury 3 63 77 420 

Molybdenum, Ferromolybdenum, and 
Ammonium Molybdate 

2 2.1 250 500 

Platinum Group Metals 3 0.45 3.5 6.5 

Rare Earths 8 21 1,050 2,100 

2 4

0 0 



EXHIBIT 1-3 (Continued) 

Estimated Annual Generation Rate (1,000 mt/yr) 
(Rounded to the Nearest 2 Significant Figures) 

Mineral Processing Commodity Sectors 

Number of 
Waste 
Streams 1/ Low Estimate Medium Estimate High Estimate 

Rhenium 2 88 88 88 

Scandium 2 1.4 7.8 14 

Selenium 5 66 68 86 

Synthetic Rutile 3 100 100 100 

Tantalum, Columbium, and Ferrocolumbium 3 150 150 150 

Tellurium 4 0.80 26 78 

Titanium and Titanium Dioxide 9 890 1,050 1,250 

Tungsten 2 2.2 4.4 30 

Uranium 5 6.8 32 58 

Zinc 11 9,800 9,800 9,800 

Zirconium and Hafnium 4 34 1,000 4,500 

TOTAL: 133 27,016 30,838 39,575 

1/	 In calculating the total number of waste streams per mineral sector, EPA included both non-wastewaters and wastewater mineral processing 
wastes and assumed that each of the hazardous mineral processing waste streams were generated in all three waste generation scenarios (low, 
medium, and high). 

Exhibit 1-4 identifies those solid wastes from the processing of ores and minerals that are exempt from 
RCRA Subtitle C regulation (as defined in 40 CFR Part 261.4(b)(7). 

EXHIBIT 1-4 

1 Slag from primary copper processing 

2 Slag from primary lead processing 

3 Red and brown muds from bauxite refining 

4 Phosphorgympsum from phosphoric acid production 

5 Slag from elemental phosphorus production 

6 Gasifier ash from coal gasification 

7 Process wastewater from coal gasification 



EXHIBIT 1-4 (continued) 

8 Calcium sulfate wastewater treatment plant sludge from primary copper processing 

9 Slag tailings from primary copper processing 

10 Fluorogypsum from hydrofluoric acid production 

11 Process wastewater from hydrofluoric acid production 

12 Air pollution control dust/sludge from iron blast furnaces 

13 Iron blast furnace slag 

14 Treated residue from roasting/leaching of chrome ore 

15 Process wastwater from primary magnesium processing by the anhydrous process 

16 Process wastewater fromphosphoric acid productions 

17 Basic oxigen furnace and open hearth furnace air pollution control dust/sludge from carbon steel 
production 

18 Basic oxygen furnace and open hear furnace slag from carbon steel production 

19 Chloride proces waste solids from titanium tetrachloride production 

20 Slag from primary zinc processing 

D.  Structure of the Document 

The remainder of this document is organized into three additional sections. Section II discusses the data 
sources and methodology used to develop the mineral commodity reports and to identify waste streams potentially 
subject to RCRA Subtitle C. Section III presents the individual commodity summaries describing the uses of and 
salient statistics pertaining to the particular commodity, a process description section with detailed, current process 
information and process flow diagram(s), and waste streams generated by each process. Section IV summarizes the 
findings of this study. 

E. Disclaimer 

This document is intended solely to provide information to the public and the regulated community 
regarding the wastes that are potentially subject to the requirements of this rule. This information was also utilized 
by the Agency to assist in evaluating the potential impacts on the industry associated with complying with the rule. 
While the guidance contained in this document may assist the industry, public and federal and state regulators in 
applying statutory and regulatory requirements of RCRA, the guidance is not a substitute for those legal 
requirements; nor is it a regulation itself. Thus, it does not impose legally-binding requirements on any party, 
including EPA, States or the regulated community. Based on the circumstances, the conclusions in this document 
may not apply to a particular situation, and EPA and State decision makers retain the discretion to adopt approaches 
on a case-by-case basis that differ from this guidance where determined to be appropriate based on the facts of the 
case and applicable statutes and regulations. 



III. MINERAL COMMODITIES


A. INDIVIDUAL MINERAL COMMODITY REVIEWS




ALUMINA & ALUMINUM 

A. Commodity Summary 

Aluminum, the third most abundant element in the earth's crust, is usually combined with silicon and 
oxygen in rock. Rock that contains high concentrations of aluminum hydroxide minerals is called bauxite. 
Although bauxite, with rare exceptions, is the starting material for the production of aluminum, the industry 
generally refers to metallurgical grade alumina extracted from bauxite by the Bayer Process, as the ore. Aluminum 
is obtained by electrolysis of this purified ore.1 

The United States is entirely dependent on foreign sources for metallurgical grade bauxite. Bauxite 
imports are shipped to domestic alumina plants, which produce smelter grade alumina for the primary metal industry. 
These alumina refineries are in Louisiana, Texas, and the U.S. Virgin Islands.2  The United States must also import 
alumina to supplement this domestic production. Approximately 95 percent of the total bauxite consumed in the 
United States during 1994 was for the production of alumina. Primary aluminum smelters received 88 percent of the 
alumina supply. Fifteen companies operate 23 primary aluminum reduction plants. In 1994, Montana, Oregon, and 
Washington accounted for 35 percent of the production; Kentucky, North Carolina, South Carolina, and Tennessee 
combined to account for 20 percent; other states accounted for the remaining 45 percent. The United States is the 
world’s leading producer and the leading consumer of primary aluminum metal. Domestic consumption in 1994 was 
as follows: packaging, 30 percent; transportation, 26 percent; building, 17 percent; electrical, 9 percent; consumer 
durables, 8 percent; and other miscellaneous uses, 10 percent. The 1994 production of aluminum was 3,300,000 
metric tons while the production capacity was 4,163,000 metric tons per year.3  Exhibits 1 and 2 list the names and 
locations of the domestic alumina and aluminum production plants. In addition, 1992 production capacities have 
been provided in Exhibit 2 for some of the aluminum producers. 

EXHIBIT 1 

SUMMARY OF ALUMINA PROCESSING FACILITIES 

Facility Name Location Process Methods 

ALCOA Point Comfort, TX Bayer 
Kaiser (1992 alumina prod. was 1.06 mt4) Gramercy, LA Bayer 
Martin St. Croix, VI Bayer 
Ormet Burnside, LA Bayer 
Reynolds Corpus Christi, TX Bayer 

1  "Aluminum and Alloys," Kirk-Othmer Encyclopedia of Chemical Technology, 4th ed., Vol. II, 1991, pp. 190-
212. 

2  Patricia A. Plunkert and Errol D. Sehnke, "Aluminum, Bauxite, and Alumina," from Minerals Yearbook 
Volume 1. Metals and Minerals, U.S. Bureau of Mines, 1992, pp. 183-203. 

3  Patricia Plunkert, "Aluminum," from Mineral Commodity Summaries, U.S. Bureau of Mines, January 1995, 
pp. 16-17. 

4  Patricia Plunkert, 1992, Op. Cit., pp. 183-203. 



EXHIBIT 2


SUMMARY OF ALUMINUM PROCESSING FACILITIES


Facility Name Location Type of 
Operations 

1992 Production 
Capacity5 

(1000 metric tons) 

ALCOA Warrick, IN 
Massena, NY 
Badin, NC 
Alcoa, TN 
Rockdale, TX 
Wenatchee, WA 

Hall-Heroult 
Hall-Heroult 
Hall-Heroult 
Hall-Heroult 
Hall-Heroult 
Hall-Heroult 

Unknown 
Unknown 
Unknown 
Unknown 
Unknown 
Unknown 

ALUMAX Mt. Holly, SC Hall-Heroult 275 

Alcan Aluminum Corp. Henderson, KY Hall-Heroult Unknown 

Columbia Aluminum Corp. Goldendale, WA Hall-Heroult Unknown 

Eastico Frederick, MD Hall-Heroult Unknown 

Intalco Ferndale, WA Hall-Heroult Unknown 

Kaiser Aluminum Corp. Spokane, WA 
Tocoma, WA 

Hall-Heroult 
Hall-Heroult 

Unknown 
Unknown 

Columbia Falls Aluminum Corp. Columbia Falls, MT Hall-Heroult Unknown 

National South Wire Hawesville, KY Hall-Heroult Unknown 

Noranda New Madrid, MO Hall-Heroult 215 

Northwest The Dalles, OR Hall-Heroult 82 

Ormet Hannibal, OR Hall-Heroult Unknown 

Ravenswood Ravenswood, WV Hall-Heroult Unknown 

Reynolds Massena, NY 
Troutdale, OR 
Longview, WA 

Hall-Heroult 
Hall-Heroult 
Hall-Heroult 

123 
121 
204 

Venalco Vancouver, WA Hall-Heroult Unknown 

5  Ibid. 



B. Generalized Process Description 

1. Discussion of Typical Production Processes 

Free moisture in crude bauxite, as mined, may range from five to 30 percent. To produce dry bauxite, most 
of the free moisture is removed by heating crude bauxite in rotary drying kilns. Calcined bauxite is produced by 
heating bauxite to reduce total volatile matter, including chemically combined water, to less than one percent. 
Approximately two tons of crude ore is required to produce one ton of calcined bauxite. 

Alumina tri-hydrate is used for the production of the pure aluminum chemicals, high quality refractories, 
and other high aluminum products, while aluminum is used for the preparation of the purest aluminum chemicals. 
Alumina and bauxite are the principal raw materials for the production of aluminum chemicals such as aluminum 
sulfate, aluminum chloride, aluminum fluoride, sodium aluminate, and aluminum acetate.6 

Metallurgical grade alumina (i.e., 30 to 60 percent aluminum oxide)7 is extracted from bauxite by the Bayer 
process and aluminum is obtained from this purified ore by electrolysis via the Hall-Heroult process. These 
processes are described below. Exhibits 3 and 4 present process flow diagrams for the Bayer process and the Hall-
Heroult process. 

2. Generalized Process Flow Diagram 

Bayer Process 

A process flow diagram of the Bayer process is shown in Exhibit 3. The primary purpose of a Bayer plant 
is to process bauxite to provide pure alumina for the production of aluminum. All bauxite refineries share five 
common process steps: (1) ore preparation; (2) bauxite digestion; (3) clarification; (4) aluminum hydroxide 
precipitation; and (5) calcination to anhydrous alumina. Additional operations include steam and power generation, 
heat recovery to minimize energy consumption, process liquor evaporation to maintain a water balance, impurity 
removal from process liquor streams, classification and washing of trihydrate, lime causticization of sodium 
carbonate to sodium hydroxide, repair and maintenance of equipment, rehabilitation of residue disposal sites, and 
quality and process control. Each step in the process can be carried out in a variety of ways depending upon bauxite 
properties and optimum economic tradeoffs. Each of these steps is discussed in further detail below.8 

Ore Preparation 

Bauxite mining processes depend largely on the nature of the ore body. If the ore is not uniform, contains 
an excessive amount of kaolin, or is difficult to handle due to the moisture content, blending operations, physical 
beneficiation, and bauxite drying are used. Grinding is designed to produce feed material small enough to ensure 
easy alumina extraction, yet coarse enough to avoid clarification problems with bauxite residue. Uniform, 
consistent, easily digested bauxite slurry is formed by blending properly ground bauxite slurry in slurry storage 
"surge" tanks prior to digestion.9 

6  V.J. Hill, "Bauxite," from Industrial Minerals and Rocks, 6th ed., Society for Mining, Metallurgy, and 
Exploration, 1994, pp. 135-147. 

7  Aluminum Company of America. Comment submitted in response to the Supplemental Proposed Rule 
Applying Phase IV Land Disposal Restrictions to Newly Identified Mineral Processing Wastes. January 25, 1996. 

8  "Aluminum Compounds," Kirk-Othmer Encyclopedia of Chemical Technology, 4th ed., Vol. II, 1991, pp. 254-
261. 

9  Ibid. 



Bauxite Digestion 

Digestion extracts and solubilizes the available aluminum mineral from the bauxite. In digestion, which is 
performed in steel vessels, autoclaves, or tubular reactors, hot spent liquor reacts with the aluminum minerals in the 
bauxite to form soluble sodium aluminate (NaAlO3)10. Virtually all other constituents are rejected as undissolved 
solids. Other important reactions that occur in digestion are desilication, causticization of liquor, and precipitation of 
impurities. The reactive silica in bauxite, such as that in kaolin, reacts with the caustic solution to form soluble 
sodium silicate, which then reacts at digester temperature to form an insoluble sodium aluminum silicate known as 
"desilication product." Causticization, the reaction of hydrated lime with sodium carbonate to regenerate sodium 
hydroxide and precipitate calcium carbonate, is an important part of the Bayer process chemistry. Na2CO3 is formed 
in Bayer liquors by caustic degradation of the organics in bauxite and by absorption of carbon dioxide during 
exposure of process liquors to the atmosphere. Although poor lime efficiency and alumina losses during digestion as 
calcium aluminates have led to the practice of "outside" causticization of dilute pregnant liquors in the residue 
washing area of the plant, digestion lime additions are still made to control impurities such as phosphorus 
pentoxide.11 

Clarification 

Clarification is necessary to separate bauxite residue solids from the supersaturated pregnant liquor near its 
boiling point. Coarse particles, called sand because of their high silica content, are usually removed by cycloning 
followed by washing on sand classifiers prior to disposal. Iron oxide, silica, and other undigested portions of the ore 
are also removed in settling, thickening, and filtration units, and sent to treatment and disposal units. These wastes 
are commonly called red and brown muds; these two wastes are RCRA special wastes and therefore are not subject 
to LDR regulations.12  In most plants, the fine fraction of residue is settled in raking thickeners with the addition of 
flocculants to improve the clarity of thickener overflow. The concentrated thickener underflow is washed before 
disposal in countercurrent decantation washers, on vacuum drum-type filters, or a combination of both. Thickener 
overflow is filtered to remove the final traces of solids and ensure product purity. Kelly-type pressure filters are 
most widely used, but some plants use sand filters in which the liquor is filtered by gravity through a bed of properly 
sized sand. Filtered solids are removed from filter press cloth by hosing and are elutriated from the sand by 
backwashing.13 

Aluminum Hydroxide Precipitation 

Precipitation is the heart of the Bayer process where recovery of the Al(OH)3 from process liquors occurs in 
high yield and product quality is controlled. In 1988, practically all of the hydroxide was obtained by Bayer 
processing and 90 percent of it was calcined to metallurgical grade alumina (Al2O3). The liquor is usually seeded 
with fine gibbsite seed from previous cycles to initiate precipitation. Precipitation can be continuous or batch. 
Modern plants use the continuous system. Slurry leaving precipitation is classified into a coarse fraction and one or 
more fine fractions, usually by elutriation in hydroclassifiers. In smelting grade alumina plants, the coarse fraction, 
called primary product, is sent to calcination; the fine fractions, called secondary and tertiary seed, are recycled to be 
grown to product size.14 

10  Aluminum Company of America. Comment submitted in response to the Supplemental Proposed Rule 
Applying Phase IV Land Disposal Restrictions to Newly Identified Mineral Processing Wastes. January 25, 1996. 

11  Ibid. 

12  U.S. Environmental Protection Agency, "Aluminum Production," from Report to Congress on Special Wastes 
from Mineral Processing, Vol. II, Office of Solid Waste, July 1990, pp. 3-1 - 3-15. 

13  "Aluminum Compounds," Op.Cit., pp. 254-261. 

14  Ibid. 



Calcination to Anhydrous Alumina 

Calcination, the final operation in the Bayer process for production of metallurgical grade alumina, is 
performed either in rotary kilns or fluid bed stationary calciners. Prior to calcination, the process liquor is washed 
from the Al(OH)3 using storage tanks and horizontal vacuum filters. During heating, the trihydroxide undergoes a 
series of changes in composition and crystal structure but essentially no change in particle shape. The product is a 
white powder and consists of aggregates of differing sizes.15 

Evaporation and Impurity Removal 

Evaporation over and above that obtained in the cooling areas from flashed steam is usually required to 
maintain a water balance by accounting for the dilution arising from residue and Al(OH)3 washing, free moisture in 
the ore, injected steam, purge water, and uncontrolled dilutions. Evaporation also serves to concentrate impurities 
in the liquor stream such as sodium oxalate (a product of organics degradation), facilitating the removal of these 
impurities.16 

Hall-Heroult Process 

Reduction 

Since the development of the Hall-Heroult process, nearly all aluminum has been produced by electrolysis 
of alumina dissolved in a molten cryolite based bath. Molten aluminum is deposited on a carbon cathode, which 
serves also as the melt container. Simultaneously, oxygen is deposited on and consumes the cell's carbon anodes. 
The overall all reaction is17: 

2Al2O3 + 3C 6 4Al + 3 CO2 

Cryolite is the primary constituent of the Hall-Heroult cell electrolyte. Because of its rarity and cost, 
synthetic cryolite is substituted. Synthetic cryolite is manufactured by reacting hydrofluoric acid with sodium 
aluminate from the Bayer process. Once the smelting process is in operation, no cryolite is needed because cryolite 
is produced in the reduction cells by neutralizing the Na2O brought into the cell as an impurity in the alumina using 
aluminum fluoride. Thus, the operating cells require inputs of aluminum fluoride. Aluminum fluoride is produced 
in a fluidized bed by the reaction of hydrofluoric acid gas and activated alumina made by partially calcining the 
alumina hydrate from the Bayer process. Alumina fluoride is also made by the reaction of fluosilicic acid, a by-
product of phosphoric acid production, and aluminum hydroxide from the Bayer process. The aluminum fluoride 
solution is filtered, and AlF3 is precipitated by heating, then is flash dried and calcined. 

The equivalent of 3-4 kg of fluoride per metric ton of aluminum produced is absorbed from the bath into the 
cell lining over the lining's 3 to 10 year life. The most common method of recovery treats the crushed lining using 
dilute NaOH to dissolve the cryolite and other fluorides. The solution is filtered and Na3AlF6 is precipitated by 
neutralizing the NaOH using carbon dioxide. The aluminum industry in the United States uses about 15 kg of 
fluoride ion per metric ton aluminum, 10-25 percent of which is lost. The remainder, consisting of cryolite generated 
in reduction cells and of bath in scrap cell linings, is stored for future use. New fluoride for the aluminum industry 
comes largely from fluorspar and phosphate rock. 

15  Ibid. 

16  Ibid. 

17  Ibid. 



EXHIBIT 3 


THE BAYER  PROCESS


(Adapted from :  Developm ent  Docum ent  for Effluent  Lim itations, 1989.)
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EXHIBIT 3 (Continued) 

THE BAYER PROCESS 
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EXHIBIT 4


THE HALL-HEROULT PROCESS


(Adapted from: Development Document for Effluent Limitations Guidelines, 1989.)
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Fluxing and Degassing 

The molten aluminum collected in the bottom of the electrolytic pots is tapped and conveyed to holding 
furnaces for subsequent refining and alloying. Refining consists of fluxing to remove impurities and degassing to 
reduce entrapped hydrogen gas in the molten aluminum. These two operations are often performed prior to casting. 
Degassing is performed by injecting chlorine, nitrogen, argon, helium, and mixtures of chlorine and inert gases into 
the molten aluminum. Hydrogen desorbs into the chlorine bubble due to the partial pressure difference between the 
elements. The addition of a gas to the melt also mixes the aluminum to assure that all materials added concurrently 
for alloying are distributed evenly in the molten aluminum. Chlorine gas reacts with trace element impurities to 
form insoluble salt particles. These salt particles and the metal oxide impurities rise to the surface of the molten bath 
through specific gravity differences and flotation, respectively. The impurities collect at the surface of the molten 
metal and are skimmed and removed from the furnace.18 

Casting 

Casting is generally the final step at most aluminum reduction plants. The most common methods for 
casting include: pig and sow casting, direct chill casting, continuous rod casting, and shot casting. 

Stationary casting is used to cast pigs and sows (ingots). In this method of casting, the molds are stationary 
and the contact cooling water (if used) generally evaporates.19 

There are two methods of direct chill casting, vertical and horizontal. Vertical direct chill casting is 
characterized by continuous solidification of the metal while it is being poured. The length of the ingot or billet cast 
using this method is determined by the vertical distance it is allowed to drop rather than by mold dimensions. 
Molten aluminum is tapped from the smelting furnace and flows through a distributor channel into a shallow mold. 
Noncontact cooling water circulates within this mold, causing solidification of the aluminum. As the solidified 
aluminum leaves the mold, it is sprayed with contact cooling water to reduce the temperature of the forming ingot or 
billet. The cylinder descends into a tank of water, causing further cooling of aluminum as it is immersed. When the 
cylinder reaches its lowest position, pouring stops, the ingot is removed, and the process is repeated to create another 
ingot. Horizontal chill casting is performed in much the same manner as vertical chill casting. The main difference 
is that the cast aluminum is conveyed from the mold in the horizontal direction rather than vertically.20 

In continuous rod casting, a ring mold is fitted into the edge of a rotating casting wheel. Molten aluminum 
is then poured into the mold and cools as the mold assembly rotates. After the wheel has rotated about 160 degrees, 
the pliable aluminum bar is released. Immediately following release from casting, the rod is transported on 
conveyers to a rolling mill where the diameter of the rod is reduced.21 

In shot casting, aluminum shot is used as a deoxidant. Molten metal is poured into a vibrating feeder, 
where droplets of molten metal are formed through perforated openings. The droplets are cooled in a quench tank.22 

18  U.S. Environmental Protection Agency, Development Document for Effluent Limitations Guidelines and 
Standards for the Nonferrous Metals Manufacturing Point Source Category, Vol II, Office of Water Regulations 
Standards, May 1989. 

19  Ibid. 

20  Ibid. 

21  Ibid. 

22  Ibid. 



Anode Paste Plant 

Fabrication of anodes takes place in the anode paste plant where coal tar pitch and ground petroleum coke 
are blended together to form paste. During electrolysis, the prebaked anode is gradually consumed and becomes too 
short to be effective. The resulting anode "butts" are recycled for use in the paste plant. Operations in the paste 
plant include crushing, screening, calcining, grinding, and mixing. The paste is then formed into briquettes or into 
green prebaked anodes. In this stage, briquettes and green anodes are essentially the same, differing only in size. 
Briquettes are formed through an extrusion process in which the paste is forced through a die and then chopped into 
small pieces using a dicer. Green anodes, which are much larger than briquettes, are formed by pressing paste into a 
mold. Vibration may also be used. After forming, cooling water is used to quench the briquette or anodes to 
facilitate handling. 

Anode Bake Plant 

Anodes used in prebaked potline cells are baked prior to their use in the potline. Two basic furnace types 
are used to bake anodes, ring furnaces and tunnel kilns. In the ring furnace, green anodes are packed into pits with a 
blanket of coke or anthracite filling the space between the anode blocks and the walls of the pits. A blanket of 
calcined petroleum coke also fills the top of each pit above the top layer of anodes to help prevent oxidation of the 
carbon anodes. 

Each pit is baked for a period of about 40-48 hours. The flue system of the furnace is arranged so that hot 
gas from the pits being baked is drawn through the next section of pits to gradually preheat the next batch of anodes 
before they are baked. Air for combustion is drawn through the sections previously baked, cooling them. The baked 
anodes are then stripped from the furnace pits. 

In the tunnel kiln, a controlled atmosphere is maintained to prevent oxidation of the carbon anodes. Green 
anode blocks are loaded on transporter units that enter the kiln through an air lock, pass successively through a 
preheating zone, a baking zone, and a cooling zone, and leave the kiln through a second air lock. The refractory 
beds of the cars are sealed mechanically to the kiln walls to form the muffle chamber and permit movement of the 
units through the kiln. The muffle chamber is externally heated by combustion gases and the products of 
combustion are discharged through an independent stack system. Effluent gases from the baking anodes may be 
introduced into the fire box so as to recover the fuel value of hydrocarbons and reduce the quantity of unburned 
hydrocarbons. Baked anodes are delivered to air blast cleaning machines using fine coke as blasting grit. Fins, 
scrafs, and adherent packing are removed by this treatment, and the baked anodes are then transferred to the rod shop 
where the electrodes are attached.23 

3. Identification/Discussion of Novel (or otherwise distinct) Processes 

Several diverse research initiatives have been carried out to reduce the quantity and/or toxicity of the 
numerous production wastes generated in the alumina/aluminum industry. Spent potliner wastes (SPL) from 
aluminum reduction (Hazardous Waste Number K088) have become one of the aluminum industry's biggest 
environmental concerns. Reynolds Metals Company (Reynolds) developed a process for detoxifying SPL in which 
the SPL was blended with limestone and an antiagglomeration agent and thermally treated in a rotary kiln. The 
process is successful in destroying cyanides and reducing the concentration of soluble fluorides in the kiln residue. 
The cyanides are destroyed by oxidation and the majority of soluble fluoride salts are converted to stable, insoluble 
calcium fluoride by reaction with limestone. The process was developed and utilized for more than 2 years on an 
industrial scale at Reynolds' idled Hurricane Creek Alumina Plant in Bauxite, AR. More than 300,000 tons of SPL 
reportedly were treated successfully during this period.24  In fact, Reynolds received a RCRA delisting variance for 
this waste stream. 

23  Ibid.


24  Patricia Plunkert, 1992, Op. Cit., pp. 183-203.




On April 8, 1996, EPA finalized land disposal restrictions for K088 and established treatment standards 
based on the Reynolds process described above. While the Agency determined at that time that adequate treatment 
capacity was available, for several logistical and other reasons, the Agency decided to grant a nine-month capacity 
variance for K088, until January 8, 1997. Some of the logistical barriers to complying with the LDRs included 
pretreament requirements, such as grinding or crushing, that generators of waste would need to meet prior to sending 
the wastes to the treatment facility. Also, some facilities generating K088 needed time to work out such logistical 
issues as transportation, pretreatment capacity, and contracting for treatment capacity. Shortly following the 
Agency’s decision to grant the extension, several aluminum producers petitioned for a full two-year capacity 
variance and modification of the treatment standards. The petition cited problems that had been identified with the 
Reynolds process. In response to the petition, the Agency extended the capacity variance for an additional six 
months, to July 8, 1997. A further extension was granted to October 8, 1997. No further action was taken by the 
Agency when that variance expired; LDRs and the the treatment standards promulgated in April 1996 therefore 
became effective on October 8, 1997. 

An alternative treatment known as the COMTOR process was developed at Comalco's Research Center in 
Melbourne, Australia. The process has three stages--feed preparation, calcination, and fluoride recovery. Crushing 
the SPL before treatment reportedly improved the rate and quality of the detoxification process. The COMTOR 
process utilized a new type of calciner, known as a Torbed. Calcination reportedly was the most effective method 
for reducing the leachable cyanide content of the SPL. Ash treatment recovered the fluoride values for recycling 
directly to the electrolytic cell. Once the cyanide was destroyed and the fluorides either recovered or stabilized, the 
residue reportedly passed the standard leach tests and was no longer considered toxic.25 

The Florida Institute of Phosphate Research (FIPR) reportedly has developed a dewatering process that may 
achieve promising results on red mud waste streams from the Bayer process operations. The FIPR process consists 
of adding pulp fibers with a polyacrylamide flocculant. The fibers assist in the formation of large flocs that have the 
physical stability to withstand normal industrial dewatering techniques.26 

Biological methods of converting sodium oxalate, generated from the Bayer process production of alumina, 
have been tested. The use of micro-organisms to dispose of sodium oxalate was said to be far simpler and cheaper 
than the currently employed burning and landfilling methods of disposal.27 

Manganese dioxide treatment has been found to cause a beneficial decrease in the soda content of the 
alumina and that a small reduction in the total organic carbon levels with this treatment also may be significant in 
improving the viscosity of the liquor.28 

4. Beneficiation/Processing Boundaries 

EPA established the criteria for determining which wastes arising from the various mineral production 
sectors come from mineral processing operations and which are from beneficiation activities in the September 1989 
final rule (see 54 Fed. Reg. 36592, 36616 codified at 261.4(b)(7)). In essence, beneficiation operations typically 
serve to separate and concentrate the mineral values from waste material, remove impurities, or prepare the ore for 
further refinement. Beneficiation activities generally do not change the mineral values themselves other than by 
reducing (e.g., crushing or grinding), or enlarging (e.g., pelletizing or briquetting) particle size to facilitate 
processing. A chemical change in the mineral value does not typically occur in beneficiation. 

25  Ibid. 

26  Ibid. 

27  Ibid. 

28  Ibid. 



Mineral processing operations, in contrast, generally follow beneficiation and serve to change the 
concentrated mineral value into a more useful chemical form. This is often done by using heat (e.g., smelting) or 
chemical reactions (e.g., acid digestion, chlorination) to change the chemical composition of the mineral. In contrast 
to beneficiation operations, processing activities often destroy the physical and chemical structure of the incoming 
ore or mineral feedstock such that the materials leaving the operation do not closely resemble those that entered the 
operation. Typically, beneficiation wastes are earthen in character, whereas mineral processing wastes are derived 
from melting or chemical changes. 

EPA approached the problem of determining which operations are beneficiation and which (if any) are 
processing in a step-wise fashion, beginning with relatively straightforward questions and proceeding into more 
detailed examination of unit operations, as necessary. To locate the beneficiation/processing "line" at a given 
facility within this mineral commodity sector, EPA reviewed the detailed process flow diagram(s), as well as 
information on ore type(s), the functional importance of each step in the production sequence, and waste generation 
points and quantities presented above. 

EPA determined that for this specific mineral commodity sector, the beneficiation/processing line occurs 
between bauxite ore preparation and bauxite digestion because the bauxite ore is vigorously attacked (digested) by a 
strong chemical agent, thereby destroying the physical structure of the mineral, to produce sodium aluminate. 
Therefore, because EPA has determined that all operations following the initial "processing" step in the production 
sequence are also considered processing operations, irrespective of whether they involve only techniques otherwise 
defined as beneficiation, all solid wastes arising from any such operation(s) after the initial mineral processing 
operation are considered mineral processing wastes, rather than beneficiation wastes. EPA presents below the 
mineral processing waste streams generated downstream of the beneficiation/processing line, along with associated 
information on waste generation rates, characteristics, and management practices for each of these waste streams. 

C. Process Waste Streams 

1. Extraction/Beneficiation Wastes 

Water softener sludge.  The 1991 total waste volume generation rate for this waste stream was 2,000 
metric tons per year.29  Because this waste is not a mineral processing waste, the Agency did not evaluate it further. 

2. Mineral Processing Wastes 

Alumina Production 

Existing data and engineering judgment suggest that the materials listed below from alumina production do 
not exhibit any characteristics of hazardous waste. Therefore, the Agency did not evaluate these materials further. 

Evaporator Salt Waste.  The 1991 total waste volume generation rate for this waste stream was 2,000 
metric tons per year.30 

Bauxite Residue.  The 1991 total waste volume generation rate for this waste stream was 137,000 metric 
tons per year.31  Placement in impoundments behind retaining dikes built around clay-lined ground is commonly 
used for disposal of bauxite residue. Leaks into aquifers have motivated the installation of underdrains between the 
residue and a clay-sealed, plastic-lined lake bottom.  Another method of disposal is called semidry disposal, dry-
stacking, or the drying field method. This method takes advantage of the thixotropic nature of the residue. The 

29  U.S. Environmental Protection Agency, Newly Identified Mineral Processing Wastes Characterization Data 
Set, Vol. I, Office of Solid Waste, August 1992, pp. I-2 - I-8. 

30  Ibid. 

31  Ibid. 



residue is concentrated by vacuum filtration or other means to 35-50 percent solids. Using agitation and/or 
additives, the viscosity of the concentrated slurry is reduced so it can be pumped to the disposal area where it flows 
like lava. The slurry is called nonsegregating because neither water nor sand separate from it. As viscosity 
increases, the flow stops. There is no free water on the surface of the impoundment, so the deposited residue dries 
and cracks whenever it is not raining. When the percent solids approaches 70-75 percent, bulldozers can work on 
the deposit.32 

Waste Alumina.  The 1991 total waste volume generation rate for this waste stream was 7,000 metric tons 
per year.33 

Spent Cleaning Residue.  The 1991 total waste volume generation rate for this waste stream was 3,000 
metric tons per year.34 

Pisolites.  Kaiser, in Gramercy, LA reported generating 72,920 metric tons of this waste in 1988. 
Reportedly, this waste was either sold for construction of farm roads or sent to a pisolite storage pile which is lined 
with an in-situ clay barrier.35 

Wastewater.  There are four sources of wastewater from bauxite production--(1) digester condensate, (2) 
barometric condenser effluent, (3) carbonation plant effluent, and (4) mud impoundment effluent. Digester 
condensate may be recycled to product wash or boiler water. Barometric condensate is a good quality, somewhat 
alkaline water. Mud impoundment effluent is recycled or discharged. These wastewaters are not expected to be 
hazardous. Waste characterization data are presented in Attachment 1. 

Red and brown muds result from the clarification step of the Bayer process and are RCRA exempt special 
wastes. The 1991 total waste generation rate for this waste stream was 2,800,000 metric tons per year.36  The red 
and brown muds are routed to large on-site surface impoundments known as red and brown mud lakes. In these 
lakes, the red and brown muds settle to the bottom and the water is removed, treated, and either discharged or 
reused. The muds are not removed, but are accumulated and disposed in place. The muds dry to a solid with a very 
fine particle size. The impoundments that receive the muds typically have a surface area of between 44.6 and 105.3 
hectares. The depth of the impoundments ranges from 1 to 16 meters and averages 7 meters. As of 1988, the 
quantity of muds accumulated on-site ranged from 500,000 to 22 million metric tons per facility, with an average of 
9.7 million metric tons per facility.37 

Red and brown muds contain significant amounts of iron, aluminum, silicon, calcium, and sodium. Red 
muds may also contain trace amounts of elements such as barium, boron, cadmium, chromium, cobalt, gallium, 
vanadium, scandium, and lead, as well as radionuclides. The types and concentrations of minerals present in the 
muds depend on the composition of the ore and the operating conditions in the digesters. 

32  "Aluminum Compounds," Op. Cit., pp. 254-261.


33  U.S. Environmental Protection Agency, 1992, Op. Cit., pp. I-2 - I-8.


34  U.S. Environmental Protection Agency, Op. Cit., 1992, pp. I-2 - I-8.


35  RTI Survey, Kaiser, Gramercy, LA, 1988, ID# 100339.


36  Ibid.


37  U.S. Environmental Protection Agency, Op. Cit., 1990, 3-1 - 3-15. 




Aluminum Production 

APC dust/sludge is a possible waste stream from aluminum production operations, including electrolysis, 
fluxing, degassing, and anode production. Emissions may consist of unreacted chlorine and aluminum chloride gas, 
aluminum oxide, sulfur, fluoride, hydrocarbons, and organics.38  Existing data and engineering judgment suggest that 
this material does not exhibit any characteristics of hazardous waste. Therefore, the Agency did not evaluate this 
material further. 

Flue Dust.  The 1991 waste generation rate was 39,000 metric tons per year.39  Existing data and 
engineering judgment suggest that this material does not exhibit any characteristics of hazardous waste. Therefore, 
the Agency did not evaluate this material further. 

Sweepings.  The 1991 waste generation rate was 23,000 metric tons per year.40  Existing data and 
engineering judgment suggest that this material does not exhibit any characteristics of hazardous waste. Therefore, 
the Agency did not evaluate this material further. 

Electrolysis Waste.  Electrolysis wastes include fluoride emissions and hydrocarbon fumes. Both sodium 
tetrafluoroaluminate gas and entrained liquid solidify to form fluoride particulates. Treatment consists of dry 
scrubbers that catch particulates and sorb HF on alumina that is subsequently fed to the cells. Nearly all the fluoride 
evolved is fed back into the cell.41  Hydrocarbon fumes are generally disposed of by burning. This waste is 
generated at a rate of 58,000 metric tons per year (adjusted from a 1991 reported value to reflect recent changes in 
the sector) and may be toxic for lead.42  This waste was formerly classified as a sludge. 

Baghouse Bags and Spent Plant Filters.  The 1991 waste generation rate was 19,000 metric tons per 
year.43  Existing data and engineering judgment suggest that this material does not exhibit any characteristics of 
hazardous waste. Therefore, the Agency did not evaluate this material further. 

Skims and Discarded Drosses.44  The Aluminum Association has provided the Agency with information 
about skims and drosses. They stated these materials are byproducts, generated as part of the aluminum melting 
process. Specifically, when exposed to the atmosphere, a thin layer of aluminum oxide forms on the molten 
aluminum’s surface (i.e., scrap aluminum being melted is coated with aluminum oxide). This oxide material is the 
starting point for byproducts derived from melting aluminum. The oxide layer increases during stirring, transferring, 
fluxing, and pouring operations, and floats to the surface of the molten aluminum. It builds up in troughs, furnaces, 
and crucibles during the casting process, and free aluminum becomes mixed and entrapped with the oxide. Dross is 
the solidified material, generally consisting of oxides of aluminum and other alloying materials, formed when molten 
aluminum reacts with the atmosphere or moisture. Skim are accumulations of oxide with entrapped metal, formed 
on the metal surface after melting from oxide films introduced as surface oxides on all charge components. Skims 
and drosses were formerly categorized by EPA as characteristic byproducts. 

38  U.S. Environmental Protection Agency, 1989. Op. Cit., Vol. II. 

39  Ibid. 

40  Ibid. 

41  "Aluminum Alloys," 1992, Op. Cit., pp. 190-212. 

42  U.S. Environmental Protection Agency, 1992, Op. Cit., pp. I-2 - I-8. 

43  Ibid. 

44  The Aluminum Association. Comment submitted in response to the Supplemental Proposed Rule Applying 
Phase IV Land Disposal Restrictions to Newly Identified Mineral Processing Wastes. January 25, 1996. 



In 1994, the U.S. aluminum industry generated approximately 439,000 metric tons of skims and drosses. 
Approximately 80,000 metric tons were reclaimed on-site, while an estimated 350,000 metric tons went off-site for 
reclamation. On a facility-specific basis, one company processed 76,900 metric tons of aluminum byproducts which 
it generated, sending other volumes off-site for further processing to companies which specialize in aluminum 
byproduct recovery. Recycling of aluminum skims and drosses is very common, and economically feasible with 
metal contents as low as eight percent. Depending on the material and processes employed, recovery rates may 
exceed 60 percent. For example, in 1994, one recovery facility processed 90,500 metric tons of byproducts at an 
average recovery rate of 60 percent. The facility then returned the recovered metal to its customers. The U.S. 
exports approximately 4,700 metric tons of aluminum byproducts annually, while aluminum companies import 
13,600 metric tons of aluminum byproducts per year. 

Anode Prep Waste.  The 1991 waste generation rate was 20,000 metric tons per year.45  Existing data and 
engineering judgment suggest that this material does not exhibit any characteristics of hazardous waste. Therefore, 
the Agency did not evaluate this material further. 

Scrap Furnace Brick.  The 1991 waste generation rate was 77,000 metric tons per year.46  Existing data 
and engineering judgment suggest that this material does not exhibit any characteristics of hazardous waste. 
Therefore, the Agency did not evaluate this material further. 

Cryolite Recovery Residue.  The 1991 waste generation rate was 30,000 metric tons per year.47  Historical 
management of this waste has included disposal in an unlined surface impoundment.48  This waste may contain high 
levels of lead. Existing data and engineering judgment suggest, however, that this material does not exhibit any 
characteristics of hazardous waste. Therefore, the Agency did not evaluate this material further. 

Cast House Dust.  This waste is generated at a rate of 19,000 metric tons per year (adjusted from a 1991 
reported value to reflect recent changes in the sector) and may contain toxic levels of cadmium and mercury.49  This 
waste may be recycled and was formerly classified as a sludge. Attachment 1 presents waste characterization data 
for casthouse dust. 

Spent Potliners. This waste is a listed hazardous waste (K088). The 1991 waste generation rate was 
118,000 metric tons per year.50  This waste stream may contain toxic levels of arsenic, cyanide, and selenium as well 
as detectable levels of cadmium, chromium, barium, lead, mercury, silver, and sulfates. This waste is generally 
managed through landfilling, indefinite "storage," or cathode reprocessing. Cathode reprocessing serves a hazardous 
waste treatment function by reducing waste volume, and incidentally recovering cryolite. Cathode reprocessing 
consists of grinding the spent potliners in a ball mill and then leaching with caustic to solubilize fluoride. 
Undigested cathode material is separated from the leachate using sedimentation and then sent to lagoons. Sodium 
aluminate is then added to the leachate to initiate the precipitation of cryolite and a second solid-liquid separation is 
performed to recover cryolite, which can be reused in the electrolytic cell. Lime is added to the supernatant to 
precipitate calcium fluoride and a third solid-liquid separation is performed. The resulting supernatant is then routed 
back to the front of the process and used for leaching. Blowdown from the system varies from plant to plant but it is 

45  Ibid. 

46  Ibid. 

47  Ibid. 

48  U.S. Environmental Protection Agency, Technical Background Document, Development of Cost, Economic, 
and Small Business Impacts Arising from the Reinterpretation of the Bevill Exclusion for Mineral Processing 
Wastes, August 1989, pp. 3-4--3-6. 

49  U.S. Environmental Protection Agency, 1992, Op.Cit., pp. I-2 - I-8. 

50  Ibid. 



universally used as potline scrubber liquor make-up when wet potline scrubbers are used. It is also common to route 
potline scrubber liquor through the cathode reprocessing circuit. In this way, fluoride concentrations of the scrubber 
liquor are controlled and recycling is possible. Spent potliners are listed wastes, KO88. 

Sludge.  This waste is generated at a rate of 80,000 metric tons per year (adjusted from a 1991 reported 
value to reflect recent changes in the sector). Management of this waste includes disposal in an unlined surface 
impoundment.51  Attachment 1 presents waste characterization data for this waste stream. Existing data and 
engineering judgment suggest that this material does not exhibit any characteristics of hazardous waste. Therefore, 
the Agency did not evaluate this material further. 

Treatment plant Effluent.  Existing data and engineering judgment suggest that this material does not 
exhibit any characteristics of hazardous waste. Therefore, the Agency did not evaluate this material further. Waste 
characterization data are presented in Attachment 1. 

Miscellaneous Wastewater.  Existing data and engineering judgment suggest that this material does not 
exhibit any characteristics of hazardous waste. Therefore, the Agency did not evaluate this material further. Waste 
characterization data are presented in Attachment 1. 

D. Non-uniquely Associated Hazardous Wastes 

Cooling tower blowdown was generated at a rate of 8,000 metric tons per year in 1991.52  Because this 
waste stream is non-uniquely associated, the Agency did not evaluate it further. Ancillary hazardous wastes may be 
generated at on-site laboratories, and may include used chemicals and liquid samples. Other hazardous wastes may 
include spent solvents (e.g., petroleum naptha), and acidic tank cleaning wastes. Non-hazardous wastes may include 
tires from trucks and large machinery, sanitary sewage, waste oil (which may or may not be hazardous), and other 
lubricants. 

E. Summary of Comments Received by EPA 

New Factual Information 

Two commenters provided new information on the processes used in the alumina/aluminum sector 
(COMM65, COMM77). This new information has been incorporated into the Agency’s sector report, as 
appropriate. 

Sector-specific Issues 

None. 

51  U.S. Environmental Protection Agency, Technical Background Document, Development of Cost, Economic, 
and Small Business Impacts Arising from the Reinterpretation of the Bevill Exclusion for Mineral Processing 
Wastes, August 1989, pp. 3-4--3-6. 

52  Patricia Plunkert, 1992, Op. Cit. 
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ATTACHMENT 1




SUMMARY OF EPA/ORD, 3007, AND RTI SAMPLING DATA - WASTEWATER - ALUMUMINA/ALUMINUM 

Constituents 
Total Constituent Analysis - PPM 

Minimum Average Maximum # Detects 
EP Toxicity Analysis - PPM TC # Values 

Minimum Average Maximum # Detects Level In Excess 
Aluminum 
Antimony 
Arsenic 
Barium 
Beryllium 
Boron 
Cadmium 
Chromium 
Cobalt 
Copper 
Iron 
Lead 
Magnesium 
Manganese 
Mercury 
Molybdenum 
Nickel 
Selenium 
Silver 
Thallium 
Vanadium 
Zinc 
Cyanide 
Sulfide 
Sulfate 
Fluoride 
Phosphate 
Silica 
Chloride 
TSS 
pH * 
Organics (TOC) 

- - - 0/0 
0.0005 0.298 1.5 20/20 
0.001 0.333 1.5 20/20 

- - - 0/0 
0.0001 0.033 0.4 20/20 

- - - 0/0 
0.001 0.057 0.2 20/20 
0.004 0.074 0.6 20/20 

- - - 0/0 
0.01 0.285 1.6 20/20 

- - - 0/0 
0.008 0.491 5 20/20 

- - - 0/0 
- - - 0/0 

0.0001 0.001 0.0062 19/19 
- - - 0/0 

0.004 0.682 4 20/20 
0.0005 2.488 44 20/20 
0.0005 0.075 0.36 20/20 
0.0005 0.191 0.69 20/20 

- - - 0/0 
0.01 0.168 1 20/20 

0.002 39.44 180 22/22 
- - - 0/0 
- - - 0/0 
- - - 0/0 
- - - 0/0 
- - - 0/0 
- - - 0/0 
- - - 0/0 
- - - 0/0 
- - - 0/0 

- - - 0/0 - -
- - - 0/0 - -
- - - 0/0 5.0 0 
- - - 0/0 100.0 0 
- - - 0/0 - -
- - - 0/0 - -
- - - 0/0 1.0 0 
- - - 0/0 5.0 0 
- - - 0/0 - -
- - - 0/0 - -
- - - 0/0 - -
- - - 0/0 5.0 0 
- - - 0/0 - -
- - - 0/0 - -
- - - 0/0 0.2 0 
- - - 0/0 - -
- - - 0/0 - -
- - - 0/0 1.0 0 
- - - 0/0 5.0 0 
- - - 0/0 - -
- - - 0/0 - -
- - - 0/0 - -
- - - 0/0 - -
- - - 0/0 - -
- - - 0/0 - -
- - - 0/0 - -
- - - 0/0 - -
- - - 0/0 - -
- - - 0/0 - -
- - - 0/0 - -

2<pH>12 0 
- -

Non-detects were assumed to be present at 1/2 the detection limit.  TCLP data are currently unavailable; therefore, only EP data are presented 



SUMMARY OF EPA/ORD, 3007, AND RTI SAMPLING DATA - CASTHOUSE DUST - ALUMINA/ALUMINUM 

Constituents 
Total Constituent Analysis - PPM 

Minimum Average Maximum # Detects 
EP Toxicity Analysis - PPM TC # Values 

Minimum Average Maximum # Detects Level In Excess 
Aluminum 
Antimony 
Arsenic 
Barium 
Beryllium 
Boron 
Cadmium 
Chromium 
Cobalt 
Copper 
Iron 
Lead 
Magnesium 
Manganese 
Mercury 
Molybdenum 
Nickel 
Selenium 
Silver 
Thallium 
Vanadium 
Zinc 
Cyanide 
Sulfide 
Sulfate 
Fluoride 
Phosphate 
Silica 
Chloride 
TSS 
pH * 
Organics (TOC) 

- - - 0/0 
7.5 7.5 7.5 1/1 
32 32 32 1/1 
10 10 10 1/1 

- - - 0/0 
- - - 0/0 

7.2 7.2 7.2 1/1 
110 110 110 1/1 

- - - 0/0 
510 510 510 1/1 

93000 93000 93000 1/1 
17 17 17 1/1 

- - - 0/0 
1100 1100 1100 1/1 

0.0001 0.0001 0.0001 0/1 
- - - 0/0 

260 260 260 1/1 
0.92 0.92 0.92 1/1 
1.9 1.9 1.9 1/1 

- - - 0/0 
- - - 0/0 

120 120 120 1/1 
- - - 0/0 
- - - 0/0 
- - - 0/0 
- - - 0/0 
- - - 0/0 
- - - 0/0 
- - - 0/0 
- - - 0/0 
- - - 0/0 
- - - 0/0 

- - - 0/0 - -
0.42 0.42 0.42 1/1 - -

0.001 0.001 0.001 0/1 5.0 0 
0.28 0.28 0.28 1/1 100.0 0 

- - - 0/0 - -
- - - 0/0 - -

3.5 3.5 3.5 1/1 1.0 1 
0.086 0.086 0.086 1/1 5.0 0 

- - - 0/0 - -
0.25 0.25 0.25 1/1 - -
0.47 0.47 0.47 1/1 - -

0.024 0.024 0.024 1/1 5.0 0 
- - - 0/0 - -

19 19 19 1/1 - -
0.84 0.84 0.84 1/1 0.2 1 

- - - 0/0 - -
0.74 0.74 0.74 1/1 - -

0.001 0.001 0.001 0/0 1.0 0 
0.15 0.15 0.15 1/1 5.0 0 

- - - 0/0 - -
- - - 0/0 - -

0.58 0.58 0.58 1/1 - -
- - - 0/0 - -
- - - 0/0 - -

18 18 18 1/1 - -
61 61 61 1/1 - -

- - - 0/0 - -
- - - 0/0 - -

27000 27000 27000 1/1 - -
- - - 0/0 - -

2<pH>12 0 
- -

Non-detects were assumed to be present at 1/2 the detection limit. TCLP data are currently unavailable; therefore, only EP data are presented. 



SUMMARY OF EPA/ORD, 3007, AND RTI SAMPLING DATA - TREATMENT PLANT EFFLUENT - ALUMINA/ALUMINUM 

Constituents 
Total Constituent Analysis - PPM 

Minimum Average Maximum # Detects 
EP Toxicity Analysis - PPM TC # Values 

Minimum Average Maximum # Detects Level In Excess 
Aluminum 
Antimony 
Arsenic 
Barium 
Beryllium 
Boron 
Cadmium 
Chromium 
Cobalt 
Copper 
Iron 
Lead 
Magnesium 
Manganese 
Mercury 
Molybdenum 
Nickel 
Selenium 
Silver 
Thallium 
Vanadium 
Zinc 
Cyanide 
Sulfide 
Sulfate 
Fluoride 
Phosphate 
Silica 
Chloride 
TSS 
pH * 
Organics (TOC) 

- - - 0/0 
0.0005 0.3438 1.1 15/15 
0.002 0.3326 1.9 15/15 

- - - 0/0 
0.001 0.0191 0.06 15/15 

- - - 0/0 
0.002 0.0690 0.2 15/15 
0.004 0.0434 0.24 15/15 

- - - 0/0 
0.006 0.0975 0.744 15/15 

- - - 0/0 
0.02 0.2222 0.6 15/15 

- - - 0/0 
- - - 0/0 

0.0001 0.0019 0.0213 14/14 
- - - 0/0 

0.005 0.1985 0.56 15/15 
0.001 0.3743 3 15/15 
0.002 0.1416 0.7 15/15 
0.001 0.2288 0.69 15/15 

- - - 0/0 
0.056 0.2561 2 15/15 
0.004 37.0253 200 17/17 

- - - 0/0 
- - - 0/0 
- - - 0/0 
- - - 0/0 
- - - 0/0 
- - - 0/0 
- - - 0/0 
- - - 0/0 
- - - 0/0 

- - - 0/0 - -
- - - 0/0 - -
- - - 0/0 5.0 0 
- - - 0/0 100.0 0 
- - - 0/0 - -
- - - 0/0 - -
- - - 0/0 1.0 0 
- - - 0/0 5.0 0 
- - - 0/0 - -
- - - 0/0 - -
- - - 0/0 - -
- - - 0/0 5.0 0 
- - - 0/0 - -
- - - 0/0 - -
- - - 0/0 0.2 0 
- - - 0/0 - -
- - - 0/0 - -
- - - 0/0 1.0 0 
- - - 0/0 5.0 0 
- - - 0/0 - -
- - - 0/0 - -
- - - 0/0 - -
- - - 0/0 - -
- - - 0/0 - -
- - - 0/0 - -
- - - 0/0 - -
- - - 0/0 - -
- - - 0/0 - -
- - - 0/0 - -
- - - 0/0 - -

2<pH>12 0 
- -

Non-detects were assumed to be present at 1/2 the detection limit.  TCLP data are currently unavailable; therefore, only EP data are presented. 



SUMMARY OF EPA/ORD, 3007, AND RTI SAMPLING DATA - MISCELLANEOUS WASTEWATERS - ALUMINA/ALUMINUM 

Constituents 
Total Constituent Analysis - PPM 

Minimum Average Maximum # Detects 
EP Toxicity Analysis - PPM TC # Values 

Minimum Average Maximum # Detects Level In Excess 
Aluminum 
Antimony 
Arsenic 
Barium 
Beryllium 
Boron 
Cadmium 
Chromium 
Cobalt 
Copper 
Iron 
Lead 
Magnesium 
Manganese 
Mercury 
Molybdenum 
Nickel 
Selenium 
Silver 
Thallium 
Vanadium 
Zinc 
Cyanide 
Sulfide 
Sulfate 
Fluoride 
Phosphate 
Silica 
Chloride 
TSS 
pH * 
Organics (TOC) 

- - - 0/0 
0.0005 0.377 2 11/11 

0.01 0.512 2.3 11/11 
- - - 0/0 

0.0005 0.019 0.08 11/11 
- - - 0/0 

0.001 0.037 0.1 11/11 
0.004 0.029 0.2 11/11 

- - - 0/0 
0.008 0.299 1.3 11/11 

- - - 0/0 
0.01 0.438 3 11/11 

- - - 0/0 
- - - 0/0 

0.0001 0.001 0.003 11/11 
- - - 0/0 

0.005 0.326 1 11/11 
0.001 3.964 40 11/11 
0.002 0.129 0.5 11/11 

0.0005 0.189 0.73 11/11 
- - - 0/0 

0.02 0.108 0.6 11/11 
0.004 95.24 180 11/11 

- - - 0/0 
- - - 0/0 
- - - 0/0 
- - - 0/0 
- - - 0/0 
- - - 0/0 
- - - 0/0 
- - - 0/0 
- - - 0/0 

- - - 0/0 - -
- - - 0/0 - -
- - - 0/0 5.0 0 
- - - 0/0 100.0 0 
- - - 0/0 - -
- - - 0/0 - -
- - - 0/0 1.0 0 
- - - 0/0 5.0 0 
- - - 0/0 - -
- - - 0/0 - -
- - - 0/0 - -
- - - 0/0 5.0 0 
- - - 0/0 - -
- - - 0/0 - -
- - - 0/0 0.2 0 
- - - 0/0 - -
- - - 0/0 - -
- - - 0/0 1.0 0 
- - - 0/0 5.0 0 
- - - 0/0 - -
- - - 0/0 - -
- - - 0/0 - -
- - - 0/0 - -
- - - 0/0 - -
- - - 0/0 - -
- - - 0/0 - -
- - - 0/0 - -
- - - 0/0 - -
- - - 0/0 - -
- - - 0/0 - -

2<pH>12 0 
- -

Non-detects were assumed to be present at 1/2 the detection limit.  TCLP data are currently unavailable; therefore, only EP data are presented. 



SUMMARY OF EPA/ORD, 3007, AND RTI SAMPLING DATA - SLUDGE - ALUMINA/ALUMINUM 

Constituents 
Total Constituent Analysis - PPM 

Minimum Average Maximum # Detects 
EP Toxicity Analysis - PPM TC # Values 

Minimum Average Maximum # Detects Level In Excess 
Aluminum 
Antimony 
Arsenic 
Barium 
Beryllium 
Boron 
Cadmium 
Chromium 
Cobalt 
Copper 
Iron 
Lead 
Magnesium 
Manganese 
Mercury 
Molybdenum 
Nickel 
Selenium 
Silver 
Thallium 
Vanadium 
Zinc 
Cyanide 
Sulfide 
Sulfate 
Fluoride 
Phosphate 
Silica 
Chloride 
TSS 
pH * 
Organics (TOC) 

- - - 0/0 
0.64 1.68 3 3/5 
0.72 7.18 16 5/5 

4 31.2 78 5/5 
- - - 0/0 
- - - 0/0 

0.0465 1.04 2 3/5 
1.3 13.7 33 5/5 

- - - 0/0 
0.38 95.40 380 5/5 
730 2386 5300 5/5 

5 30.98 63 5/5 
- - - 0/0 

0.41 24.96 60 5/5 
0.0001 0.06 0.32 3/5 

- - - 0/0 
15 224 520 5/5 

0.05 0.32 0.78 4/5 
0.04 1.02 2 3/5 

- - - 0/0 
- - - 0/0 

1.4 82.48 320 5/5 
- - - 0/0 
- - - 0/0 
- - - 0/0 
- - - 0/0 
- - - 0/0 
- - - 0/0 
- - - 0/0 
- - - 0/0 
- - - 0/0 
- - - 0/0 

- - - 0/0 - -
0.032 0.032 0.032 1/1 - -
0.001 0.014 0.026 1/2 5.0 0 

0.01 0.024 0.037 2/2 100.0 0 
- - - 0/0 - -
- - - 0/0 - -

0.001 0.013 0.025 1/2 1.0 0 
0.002 0.005 0.008 2/2 5.0 0 

- - - 0/0 - -
0.001 0.011 0.021 2/2 - -
0.27 0.300 0.33 2/2 - -

0.001 0.002 0.003 1/2 5.0 0 
- - - 0/0 - -

0.12 0.235 0.35 2/2 - -
0.0001 0.0002 0.0002 1/2 0.2 0 

- - - 0/0 - -
0.045 0.045 0.045 1/1 - -
0.001 0.004 0.006 1/2 1.0 0 
0.001 0.002 0.002 1/2 5.0 0 

- - - 0/0 - -
- - - 0/0 - -

0.011 0.056 0.1 2/2 - -
- - - 0/0 - -
- - - 0/0 - -

2 436 870 2/2 - -
0.48 48.74 97 2/2 - -

- - - 0/0 - -
- - - 0/0 - -

2.2 12.60 23 2/2 - -
- - - 0/0 - -

2<pH>12 0 
- -

- - - 0 
Non-detects were assumed to be present at 1/2 the detection limit. TCLP data are currently unavailable; therefore, only EP data are presented. 



ANTIMONY 

A. Commodity Summary 

According to the U.S. Bureau of Mines, antimony metal and oxide are produced by seven companies 
domestically. Additionally, a small amount of antimony is recovered domestically as a byproduct of smelting lead 
and silver-copper ores. Exhibit 1 presents the names, locations, and type of processes used by the facilities involved 
in the primary production of antimony metals and oxides. Estimated apparent domestic consumption was 45,000 
metric tons during 1994. Antimony is used mainly in flame retardants, transportation (including batteries), 
chemicals, ceramics, and glass.1 

Antimony is generally found in association with other elements in complex ores as the sulfide mineral 
stibnite. Antimony is made available commercially as antimony trioxide. Most of the antimony trioxide produced is 
derived from imported original sources. 

EXHIBIT 1 

SUMMARY OF ANTIMONY FACILITIES 

Facility Name Location Type of Operations 

Amspec Chemical Corp Gloucester, NJ Pyrometallurgical 

Ant. Process (inactive) Moscow, TN Pyrometallurgical 

Anzon, Inc. Laredo, TX Pyrometallurgical 

ASARCO Incorporated Omaha, NE Pyrometallurgical 

ASARCO (inactive) El Paso, TX Electrowinning 

Chemet (inactive) Moscow, TN Pyrometallurgical 

Laurel Ind. LaPorte, TX Pyrometallurgical 

M&T Chemical (inactive) Baltimore, MD Pyrometallurgical 

McGean Chemical Cleveland OH Pyrometallurgical 

Sunshine Mining Company Kellogg, ID Electrowinning 

US Antimony Corp. Thompson Falls, MT Pyrometallurgical 

1 Antimony Specialist, "Antimony," from Mineral Commodity Summaries, U.S. Bureau of Mines, 1995, p. 18. 



B. Generalized Process Description 

1. Discussion of Typical Production Processes 

Primary antimony production usually arises as a byproduct or coproduct of mining, smelting, and refining 
other antimony-containing ores such as tetrahedrite (a complex silver-copper-antimony-sulfide ore) or lead ore.2 

2. Generalized Process Flow Diagram 

Antimony can be produced using either pyrometallurgical processes or a hydrometallurgical process. As 
shown in Exhibits 2 through 7, for the pyrometallurgical processes, the method of recovery depends on the antimony 
content of the sulfide ore. For example, the lowest grades of sulfide ores, containing 5-25% antimony, are 
volatilized as oxides; ores containing 25-40% antimony are smelted in a blast furnace; and 40-60% antimony ores 
are either liquated or treated by iron precipitation. As shown in Exhibit 6, the rich oxide ores that result from either 
volatilization, smelting, or liquation can be reduced directly in a reverberatory furnace. Exhibit 7 outlines the 
process used to refine the antimony metal resulting from pyrometallurgical process. 

Alternatively, antimony can be recovered hydrometallurgically by leaching and electrowinning as shown in 
Exhibit 8.3  Currently, the Sunshine Mining Company in Kellogg, Idaho is the only domestic mine that employs the 
hydrometallurgical process. 

Pyrometallurgical Recovery 

Oxide Volatilization.  As indicated in Exhibit 2, low grade ore is recovered through oxide volatilization. 
The ore is roasted with coke or charcoal in a rotary kiln or shaft furnace. As a result of the roasting step, sulfur is 
burned away and removed in the waste gases and antimony trioxide, which condenses, can be recovered in flues, 
condensing pipes, or a Cotrell precipitator. The resultant oxide is briquetted and reduced to metal.4  The largest 
producer of antimony metal from roasting is Anzon in Laredo, Texas. 

Blast Furnace Smelting. As shown in Exhibit 3, the blast furnace smelting process used to recover 
antimony from intermediate (25-40%) grades of oxide and sulfide ores, flue dust, liquation residues, mattes, 
briquetted fines, and rich slags is similar to the blast furnace method used to process lead. A low pressure, high 
smelting column, water-jacketed blast furnace is used. The slag is separated from the antimony metal and sent to 
waste or reprocessing.5 

Sulfur Liquation. As indicated in Exhibit 4, liquation is used to recover antimony from high grade ores. 
The ores can be heated either in batch mode in a perforated pot, or in continuous mode using a reverberatory 
furnace. This process separates the antimony sulfide from the gangue. The liquated product is known as crude or 
needle antimony, which can either be distributed as antimony sulfide or converted to recover antimony metal. Either 
iron precipitation or oxide reduction can be used to recover metallic antimony from the sulfide.6 

2 Thomas O. Llewelyn, "Antimony," from Minerals Yearbook Volume 1. Metals and Minerals, U.S. Bureau of 
Mines, 1992, p. 225. 

3 "Antimony," Kirk-Othmer Encyclopedia of Chemical Technology, 1992, 4th ed., Vol. III, p. 370. 

4 Ibid. 

5 Ibid., p. 371. 

6 Ibid. 



EXHIBIT 2


ANTIMONY OXIDE VOLATILIZATION PROCESS


(Adapted from: 1988 Final Draft Summary Report of Mineral Industry Processing Wastes, pp. 3-31 - 3-45)


Low Grade Ore (5 - 20% Sb) 

Roaster 

Condenser 

Cottrell ppt 
or 

Baghouse 

Sb2O3 (gas) 

Sb2O3 (particulate) 

Sb2O3 (particulate) 

Briquetting 

Reduction 

GangueSO2 

Wastewater 

Wet 
Scrubber 

Antimony Metal 



EXHIBIT 3 

ANTIMONY SMELTING 
(Adapted from: 1988 Final Draft Summary Report of Mineral Industry Processing Wastes, pp. 3-31 - 3-45.) 

Medium Grade Antimony Ore 

Blast 
Furnace 

Slag Waste orFuel Reprocessing 

Antimony Metal 

EXHIBIT 4 

ANTIMONY LIQUATION PROCESS 

(Adapted from: 1988 Final Draft Summary Report of Mineral Industry Processing Wastes, pp. 3-31 - 3-45.) 

Antimony Ore 
(40 - 60% Sb) 

Product 

Perforated Pot or 
Reverberatory Furnace 

(550 - 600 oC) 
Needle Antimony 

Metal 
Reduction 

Gangue 
(12 - 30% Sb) 

To Oxide Volatilization 



EXHIBIT 5 

ANTIMONY IRON PRECIPITATION REDUCTION PROCESS


(Adapted from: 1988 Final Draft Summary Report of Mineral Industry Processing Wastes, pp. 3-31 - 3-45.)


Needle Antimony 

Salt 

Fusion 

Iron Scrap 

Carbon + Na2SO4 

Salt 

Secondary 
Fusion 

Antimony Metal 

Iron Sulfide Matte 
Waste or 

Blast Furnace 
Smelting 

Iron Sulfide Matte 

High Grade Antimony Ore 
(40 - 60%) or 

Needle Antimony 

Purified Antimony Metal 

EXHIBIT 6 

ANTIMONY OXIDE REDUCTION PROCESS


(Adapted from: 1988 Final Draft Summary Report of Mineral Industry Processing Wastes, pp. 3-31 - 3-45.)


Antimony Oxide 

Soda, Potash, or 
Sodium Sulfate 

Reverberatory 
Furnace 

Cottrell ppt 
or 

Baghouse 

Sb2O3 (particulate) 

Sb2O3 (gas) 

Charcoal 

Slag 

Antimony Metal 



Iron Precipitation. Iron precipitation is used to convert crude antimony sulfide to metallic antimony. As 
Exhibit 5 illustrates, the molten antimony sulfide is heated in combination with iron scrap, carbon, and Na2SO4. The 
process uses iron as the reductant to replace antimony in the molten antimony sulfide. Sodium sulfate and carbon 
are added to produce sodium sulfide. Alternatively, salt is added to form a fusible light matte with iron sulfide and 
facilitate the separation of the metal. Because the resultant metal contains high concentrations of iron and sulfur, a 
second fusion with liquate antimony and salt is used to produce a purified antimony metal.7 

Oxide Reduction. Antimony trioxide or other antimony oxides are reduced with charcoal in reverberatory 
furnaces as shown in Exhibit 6. The addition of an alkaline flux of soda, potash, and sodium sulfate dissolves 
residual sulfides and gangue and also minimizes volatilization. During this process, the loss of antimony due to 
volatilization necessitates the use of Cotrell precipitators or baghouses to recover the antimony trioxide for 
reprocessing. During this process, a slag is produced and separated from the antimony metal.8 

Refining. Metal resulting from pyrometallurgical reduction requires refining to remove arsenic, sulfur, 
iron, and copper impurities. Exhibit 7 presents a typical flow process diagram for the refining process. The iron and 
copper concentrations can be reduced by adding stibnite or a mixture of sodium sulfate and charcoal to form an iron-
bearing matte. The matte is skimmed from the surface of the molten metal, after which the metal is treated with an 
oxidizing flux of caustic soda or sodium carbonate and niter (sodium nitrate) to remove arsenic and sulfur. Although 
lead is not readily removed from antimony, material containing lead may be used for lead based alloy applications.9 

Hydrometallurgical Recovery 

Antimony can also be recovered using the hydrometallurgical process outlined in Exhibit 8, which involves 
leaching followed by electrowinning and autoclaving. The hydrometallurgical process is based on the knowledge 
that: (1) an alkaline sodium sulfide solution acts as an effective solvent for most antimony compounds and (2) most 
other metals are insoluble in such a solution (excluding arsenic, tin, and mercury).1010  The Sunshine Mining 
Company is the only domestic antimony facility that uses this hydrometallurgical technique. The Sunshine facilities 
are a complete mine-to market operation. In addition to their antimony plant, their operations include a mill, a 
silver-copper refinery, and a functional mint. Their antinomy facility produces both antimony metal and sodium 
antimonate. The process at this facility involves: (1) leaching and filtration, (2) electrowinning, and (3) autoclaving 
and tails treatment. 

Leaching and Filtration. The ore concentrates from the mill are leached in a batch process in a heated, 
pressurized vat. Some of the concentrates are blended, prior to leaching, with coke, sodium sulfate, and sodium 
carbonate and then melted in a furnace. The resultant material is then leached with a sodium hydroxide solution. 
Other concentrates are combined with sodium sulfide and sulfur and leached with a sodium hydroxide solution 
without prior melting. This leach solution is created by combining the barren catholyte (depleted electrolyte from 
downstream electrowinning), elemental sulfur, sodium sulfide, and sodium hydroxide. The solution matrix then 
solubolizes the antimony and any arsenic present that is not in the form of arsenopyrite, producing soluble thio 
compounds including NaSbS2, Na3SbS3, Na3SbS4, and Na3AsS3. The solids can then be separated from the leaching 

7 Ibid. 

8 Ibid. 

9 Ibid., pp. 372-373. 

10 Corby G. Anderson, Suzzann M. Nordwick, and L. Ernest Kyrs, "Processing of Antimony at the Sunshine 
Mine," from Residues and Effluents - Processing and Environmental Considerations, The Minerals, Metals, & 
Materials Society, 1991, p. 349-366. 



EXHIBIT 7


ANTIMONY REFINING


(Adapted from:  1988 Final Draft Summary Report of Mineral Industry Processing Wastes, pp. 3-31 - 3-45.) 
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EXHIBIT 8 

HYDROMETALLURGICAL ANTIMONY PRODUCTION PROCESS


(Adapted from:  Residues and Effluents - Processing and Environmental Considerations, 1991, pp. 349 - 366.)
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solution by thickening and filtration. The leached residue is either disposed of or processed further to recover other 
metals.11 

As shown in Exhibit 7, when the leaching is complete, the resultant slurry is diluted to enhance solid 
separation from the alkaline solution. Dilution involves the use of water recovered from downstream repulping. 
After dilution the slurry consists of an antimony bearing pregnant catholyte solution and a high grade silver-copper 
residue. The solid-liquid separation takes place by conventional settling and thickening. Both primary and 
secondary thickeners are used with a repulp stage occurring in between. Including this first repulping step, there 
three total repulping steps involved in the Sunshine Mine recovery process. Residue from the secondary thickener is 
repulped a second time and then recovered with a disc filter. The mixture is then sent through a third and final 
repulping stage during which fresh water enters the process. The final filtration step involves a drum filter. The 
wash water flows from the drum filter back through to the second repulping stage. From the second repulping step, 
the wash water flows through the disc filter and back to the first repulp step and from there the water is sent back to 
the leach stage for use in the dilution step. The three repulping steps allow for maximum recovery of the leached 
antimony and provide a copper-silver residue that is free from alkaline sulfur compounds that might interfere with 
acid pressure leaches downstream when the resultant solid filter cake is sent to the Sunshine silver refinery.12 

Electrowinning.  As shown in Exhibit 8, the pregnant solution from the leaching process is used as feed for 
the electrowinning circuit. Antimony metal is deposited on the cathode as a brittle, non-adherent layer which is 
periodically stripped and washed. The resultant product is either sold or sent for further processed to antimony 
trioxide. 

Because the products of oxidation at the anode interfere with the deposition of antimony at the cathode, two 
different and physically separated solutions are used. The catholyte, in this case the pregnant solution from the 
leaching process, surrounds the cathode and the anolyte, a combination of barren catholyte and sodium hydroxide 
solution, surrounds the anode. Mixing of the two solutions is minimized by the use of a canvas barrier or diaphragm. 
The canvas barrier has small pores that allow the solutions to come into contact, maintaining the integrity of the 
electrical circuit. 

The recovered metal is washed by blowing steam into a tank containing hot water and the metallic 
antimony. This step removes any solutions or soluble solids that have adhered to the metal during the plating 
process. This wash water is sent to tails treatment and can be autoclaved to recover sodium antimonate. After 
drying, the antimony metal product is packaged and sold to secondary smelters for use as a lead hardener or for 
antimony oxide production.13 

After the antimony has been removed, the barren catholyte can be recycled to the process through one of 
two methods. In the process where the ore is melted prior to leaching, the spent electrolyte is spray dried and the 
dried salts are captured in a baghouse for reuse during the blending step. In the other process where the concentrates 
are leached without melting them first, the barren catholyte solution is recycled directly into the leaching process. 
Site-specific information indicates that the fouled anolyte is removed and treated by autoclaving to recover sodium 
antimonate, which is then recycled to the leaching process. The resultant antimony metal can be converted to 
antimony trioxide in a fuming furnace.14 

11 U.S. Environmental Protection Agency, Development Document for Effluent Limitations Guidelines and 
Standards for the Nonferrous Metals Manufacturing Point Source Category, Vol. IV, Office of Water Regulations 
Standards, 1989, p. 2062. 

12 Corby G. Anderson, 1991, Op. Cit., p. 355. 

13 Corby G. Anderson, 1991, Op. Cit., p. 360. 

14 U.S. Environmental Protection Agency, 1989. Op. Cit., p. 2063. 



Autoclaving.  Sodium antimonate (NaSbO3) is produced by autoclaving the antimony-bearing fouled 
anolyte solution from the electrowinning process. Residual caustic sodas are also present in the fouled anolyte and 
can be recovered. Oxygen autoclaving, heating the solution under pressure in the presence of oxygen, is used to 
produce the sodium antimonate. The elevated temperature and pressure drive the oxidation reaction and result in the 
formation of insoluble sodium antimonate which is separated from the remaining liquid by sedimentation and 
decanting. The resultant sodium antimonate either recycled back to the leaching step or sold depending on market 
conditions.15 

3. Identification/Discussion of Novel (or otherwise distinct) Processes 

None Identified. 

4. Beneficiation/Processing Boundary 

Since antimony is generally recovered as a co-product or a by-product of other metals, all of the wastes 
generated during antimony recovery are mineral processing wastes. For a description of where the 
beneficiation/processing boundary occurs for this mineral commodity, please see the report for lead presented 
elsewhere in this background document. 

C. Process Waste Streams 

1.  Extraction/Beneficiation Wastes 

Because antimony is recovered as a co-product or a by-product of other metals, mining wastes are 
addressed in the descriptions of the initial ore/mineral. For a further description of these wastes see the report for 
lead presented elsewhere in this background document. 

2. Mineral Processing Wastes 

The following wastes have been identified as generated during the oxide volatilization process. 

Gangue. Gangue generated from roasting during the oxide volatilization process may contain traces of 
antimony and other heavy metals. Gangue generated from either smelting or other higher grade recovery processes 
may be sent to oxide volatilization for further antimony recovery, since that process is designed for lower grade ores. 
Existing data and engineering judgment suggest that this material does not exhibit any characteristics of hazardous 
waste. Therefore, the Agency did not evaluate this material further. 

Wastewater. The wastewater generated from the wet scrubber process following oxide volatilization may 
contain sulfur and some heavy metals. Existing data and engineering judgment suggest that this material does not 
exhibit any characteristics of hazardous waste. Therefore, the Agency did not evaluate this material further. 

The following wastes have been identified as generated during the smelting and refining portions of the 
antimony recovery process. Although no published information regarding waste generation rate or characteristics 
was found, we used the methodology outlined in Appendix A of this report to estimate low, medium, and high waste 
generation rates. 

APC Dust/Sludge. Existing data and engineering judgment suggest that this material does not exhibit any 
characteristics of hazardous waste.  Therefore, the Agency did not evaluate this material further. 

Sludge from Treating Process Waste Water. Existing data and engineering judgment suggest that this 
material does not exhibit any characteristics of hazardous waste. Therefore, the Agency did not evaluate this 
material further. 

15 Corby G. Anderson, 1991, Op. Cit., p. 361. 



Refining Dross. Existing data and engineering judgment suggest that this material does not exhibit any 
characteristics of hazardous waste.  Therefore, the Agency did not evaluate this material further. 

Slag and Furnace Residue. The slag generated during the oxide reduction process may contain residual 
soda, potash, or sodium sulfate. The waste generation rate for this waste stream is reported to be 32,000 mt/yr. We 
used best engineering judgment to determine that this waste may exhibit the characteristic of toxicity for lead. 

Waste Solids. Wastes produced from fluxing during the refining process contain arsenic (As) and sulfur 
(S). Existing data and engineering judgment suggest that this material does not exhibit any characteristics of 
hazardous waste. Therefore, the Agency did not evaluate this material further. 

Hydrometallurgical Recovery 

Leach Residue. The leach residue contains antimony, sulfur, sodium, pyrite, silica, and stibnite.16  In the 
antimony plant in Kellogg, Idaho, a hot alkaline sulfide solution is used to dissolve antimony and most arsenic 
species from the ore concentrate, leaving a leach residue containing less than one percent antimony.17  Existing data 
and engineering judgment suggest that this material does not exhibit any characteristics of hazardous waste. 
Therefore, the Agency did not evaluate this material further. 

Gangue (Filter Cake).  At the Kellogg plant, slurry from the leach tanks is diluted and then thickened and 
filtered in a series of repulp-filtration steps. The resulting filter cake, containing 18-20 percent moisture, becomes 
feed material at the silver refinery. Filtered leach solution containing antimony (primarily as sodium thioantimonate) 
is fed to the antimony electrowinning circuit.18  Existing data and engineering judgment suggest that this material 
does not exhibit any characteristics of hazardous waste. Therefore, the Agency did not evaluate this material further. 

Stripped Anolyte Solids.  Electrowinning "tails" consist of fouled anolyte and cathode wash water. The 
fouled anolyte is heated and pressurized with oxygen in a 1,500 gallon autoclave to recover sodium antimonate 
before being sent to the tailings pond.19  The waste generation rate for this waste stream is reported to be 190 metric 
tons/yr. This waste stream is fully recycled and is classified as a by-product. We used best engineering judgment to 
determine that this waste may exhibit the characteristic of toxicity for arsenic. 

Spent Barren Solution. Barren catholyte solution is recycled back to the leach step and to the anolyte 
make up water added prior to the electrowinning step. Existing data and engineering judgment suggest that this 
material does not exhibit any characteristics of hazardous waste. Therefore, the Agency did not evaluate this 
material further. 

Autoclave Filtrate. The liquid phase from the autoclave, which contains sodium arsenate and residual 
antimony is treated with solid ferrous sulfate to precipitate arsenic as Fe3(AsO4) and antimony as Sb2S3 at a pH of 8 
to 8.5. Quicklime is then added to precipitate residual iron in the solution. The resulting anolyte slurry is then 
commingled with mill tailings and pumped to an unlined on-site surface impoundment. Natural sedimentation 
removes solids under the liquid outflow which is discharged under an NPDES permit.20  The low, medium, and high 
annual waste generation rates were estimated as 380 metric tons/yr, 32,000 metric tons/yr, and 64,000 metric tons/yr, 
respectively. We used best engineering judgment to determine that this waste stream may be partially recycled and 

16 U.S. Environmental Protection Agency, 1989, Op. Cit., p. 2062. 

17 Gary Light, ICF, Incorporated, "Report on July 1993 Mineral Processing and Incinerator Site Visits," Draft 
memorandum to Bengie Carroll, August 10, 1993, p. 2-1. 

18 Ibid., p. 2-2. 

19 Ibid. 

20 Ibid. 



may exhibit the characteristics of toxicity (arsenic, cadmium, lead, and mercury) and corrosivity. This waste stream 
is classified as a spent material. Waste characterization sampling data for this waste stream is included as 
Attachment 1. 

D. Non-uniquely Associated Wastes 

Non-uniquely associated and ancillary hazardous wastes may be generated at on-site laboratories, and may 
include used chemicals and liquid samples. Other hazardous wastes may include spent solvents, and acidic tank 
cleaning wastes. Non-hazardous wastes may include tires from trucks and large machinery, sanitary sewage, and 
waste oil other lubricants. 

E. Summary of Comments Received by EPA 

EPA received no comments that address this specific sector. 
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ATTACHMENT 1




SUMMARY OF EPA/ORD, 3007, AND RTI SAMPLING DATA - AUTOCLAVE FILTRATE - ANTIMONY 

Constituents 
Total Constituent Analysis - PPM 

Minimum Average Maximum # Detects 
EP Toxicity Analysis - PPM TC # Values 

Minimum Average Maximum # Detects Level In Excess 
Aluminum 
Antimony 
Arsenic 
Barium 
Beryllium 
Boron 
Cadmium 
Chromium 
Cobalt 
Copper 
Iron 
Lead 
Magnesium 
Manganese 
Mercury 
Molybdenum 
Nickel 
Selenium 
Silver 
Thallium 
Vanadium 
Zinc 
Cyanide 
Sulfide 
Sulfate 
Fluoride 
Phosphate 
Silica 
Chloride 
TSS 
pH * 
Organics (TOC) 

- - - 0/0 
3.7 40.59 120 8/8 
260 1977.75 3700 8/8 

- - - 0/0 
- - - 0/0 
- - - 0/0 

0.002 0.069 0.3 8/8 
- - - 0/0 
- - - 0/0 

0.2 0.391 0.8 8/8 
- - - 0/0 

0.01 0.458 3.05 8/8 
- - - 0/0 
- - - 0/0 

0.015 5.30 12.6 7/7 
- - - 0/0 
- - - 0/0 
- - - 0/0 
- - - 0/0 
- - - 0/0 
- - - 0/0 

0.01 0.110 0.27 8/8 
- - - 0/0 
- - - 0/0 
- - - 0/0 
- - - 0/0 
- - - 0/0 
- - - 0/0 
- - - 0/0 
- - - 0/0 
- - - 0/0 
- - - 0/0 

- - - 0/0 - -
- - - 0/0 - -
- - - 0/0 5.0 0 
- - - 0/0 100.0 0 
- - - 0/0 - -
- - - 0/0 - -
- - - 0/0 1.0 0 
- - - 0/0 5.0 0 
- - - 0/0 - -
- - - 0/0 - -
- - - 0/0 - -
- - - 0/0 5.0 0 
- - - 0/0 - -
- - - 0/0 - -
- - - 0/0 0.2 0 
- - - 0/0 - -
- - - 0/0 - -
- - - 0/0 1.0 0 
- - - 0/0 5.0 0 
- - - 0/0 - -
- - - 0/0 - -
- - - 0/0 - -
- - - 0/0 - -
- - - 0/0 - -
- - - 0/0 - -
- - - 0/0 - -
- - - 0/0 - -
- - - 0/0 - -
- - - 0/0 - -
- - - 0/0 - -

2<pH>12 0 
- -

Non-detects were assumed to be present at 1/2 the detection limit.  TCLP data are currently unavailable; therefore, only EP data are presented. 



ARSENIC 

A. Commodity Summary 

The most common source of arsenic is as a byproduct from the smelting of copper and lead concentrates as 
arsenic trioxide (As2O3). Arsenic trioxide is commonly converted to arsenic acid for use in producing arsenical 
wood preservatives, which accounted for 75% of the U.S. demand for arsenic in 1992.1  Other uses include 
agricultural chemicals (16% of demand), glass manufacturing (4%), and other uses (2%). In addition, arsenic metal 
is produced by the reduction of arsenic trioxide and is used in nonferrous alloys and electronics, which accounted for 
3% of demand in 1992. 

China and Chile are the world's largest producers of arsenic trioxide, followed by Mexico and the 
Philippines. The United States imported over 13,000 metric tons of arsenic trioxide and over 500 metric tons of 
arsenic metal from China in 1992.2  U.S. production of arsenic ceased in 1985 when ASARCO closed indefinitely its 
copper smelter and associated arsenic recovery plant in Tacoma, Washington, largely due to the increasing costs of 
complying with air quality standards.3  Arsenic is no longer produced in the U.S., but three facilities, Hickson Corp. 
of Conley, GA, CSI of Harrisburg, NC, and Osmose Corp. of Memphis, TN, convert arsenic trioxide to arsenic acid 
for use in producing wood preservatives.4 

B. Generalized Process Description 

1. Discussion of Typical Production Processes 

Arsenic trioxide (As2O3) is volatilized during smelting, concentrated in flue dusts, and extracted through 
distillation or roasting of the flue dusts to produce crude arsenic trioxide of minimum 95% purity.5  This product can 
be refined through resublimation in a reverberatory furnace or through hydrometallurgical leaching methods to 
produce commercial-grade arsenic trioxide, known as white arsenic.6 

2. Generalized Process Flow Diagram 

Exhibit 1 presents a typical process flow diagram for the production and/or recovery of arsenic trioxide. As 
shown in the exhibit, vapor and gases laden with dust containing arsenic trioxide are liberated during smelting of 
copper (and lead) concentrates. Flue dust containing up to 30% arsenic trioxide is then roasted after a small amount 
of pyrite or galena is added to prevent the formation of arsenites and to promote formation of low-arsenic residue 
that can be recycled. The resulting high-arsenic fumes are passed through a series of brick chambers called kitchens 
(not shown in the diagram) that operate at progressively decreasing temperatures, from 220°C to 100°C or less, to 
condense the arsenic trioxide vapor to concentrations of 90-95%. This crude trioxide is either pyrometallurgically 

1 U.S. Bureau of Mines, Mineral Industry Surveys: Arsenic in 1992, Branch of Metals and the Branch of Data 
Collection and Coordination, June 1993, p. 4. 

2 Ibid. 

3 Loebenstein, J., The Materials Flow of Arsenic in the United States, U.S. Bureau of Mines Information Circular 
9382, 1994, p. 2. 

4 U.S. Bureau of Mines, 1993, Op. Cit., p. 1. 

5 "Arsenic and Arsenic Alloys," Kirk-Othmer Encyclopedia of Chemical Technology, 4th ed., Vol. III, 1992, pp. 
626-628. 

6 U.S. Bureau of Mines, Mineral Facts and Problems, Bulletin 675, 1985, p. 45. 



EXHIBIT 1 

ARSENIC TRIOXIDE PRODUCTION PROCESS 

(Adapted from:  “Arsenic and Arsenic Alloys,” 1992, Op. Cit., p. 627.) 
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refined through resublimation in a reverberatory furnace or hydrometallurgically refined through leaching. In the 
former method, the trioxide vapors pass through a settling chamber and then through about 40 additional kitchens to 
promote additional condensation, yielding white arsenic of 99-99.9% purity. Dust from the kitchens having 90% 
arsenic trioxide collects in baghouses and is reprocessed. In the latter method, arsenic trioxide fumes are pressure-
leached in an autoclave using water or mother liquor. Arsenic trioxide dissolves and the resulting residue is 
reprocessed. The arsenic trioxide is recovered through vacuum-cooling to promote crystallization; arsenic trioxide is 
removed through centrifuging to yield white arsenic of 99% purity.7 

3. Identification/Discussion of Novel (or otherwise distinct) Processes 

The Bureau of Mines has investigated the recovery of arsenic from flue dusts from copper processing using 
an alternative method to distillation or roasting. Flue dusts were first leached with sulfuric acid and refinery-bleed 
solution to solubilize arsenic and copper. Arsenic was recovered as arsenic trioxide from the resulting leach liquor 
through reduction and precipitation using sulfur dioxide.8  In 1981, Equity Silver Mines Limited in Houston, British 
Columbia began operating a leach plant to reduce arsenic levels in silver-gold-copper flotation concentrate. The 
concentrate was leached with caustic sulfide, producing a leach liquor containing most of the arsenic in the 
concentrate. The leached arsenic was originally recovered as calcium arsenate through oxidation and lime 
precipitation but was found to be not marketable. Full-scale plant tests were conducted in 1983 to produce a heavy 
metal arsenate thought to be marketable; however, the circuit was shut down in 1984 due to economic factors.9 

4. Beneficiation/Processing Boundary 

Since arsenic trioxide is recovered as a by-product of copper and lead smelting, please see the reports for 
lead and copper presented elsewhere in this background document for a description of where the 
beneficiation/processing boundary occurs for this mineral commodity. 

C. Process Waste Streams 

The recovery of arsenic trioxide as a byproduct from copper and lead smelting constitutes primary mineral 
processing in the context of the Mining Waste Exclusion. In contrast, the manufacture of arsenic acid and arsenic 
metal from arsenic trioxide is considered to be chemical manufacturing and clearly has always been outside the 
scope of the Mining Waste Exclusion. Therefore, as there currently is no primary production of arsenic in the 
United States, there are no newly identified "mineral processing" wastes subject to the RCRA LDR program. 

D. Non-uniquely Associated Wastes 

Non-uniquely associated and ancillary hazardous wastes may be generated at on-site laboratories, and may 
include used chemicals and liquid samples. Other hazardous wastes may include spent solvents, and acidic tank 
cleaning wastes. Non-hazardous wastes may include tires from trucks and large machinery, sanitary sewage, and 
waste oil other lubricants. 

E. Summary of Comments Received by EPA 

EPA received no comments that address this specific sector. 

7 "Arsenic and Arsenic Alloys," 1992, Op. Cit., pp. 626-628. 

8 Gritton, K., D. Steele, and J. Gebhardt, "Metal Recovery from Copper Processing Wastes," presented at the Second 
International Symposium, Recycling of Metals and Engineered Materials, Williamsburg, Virginia, October 28-31, 
1990, sponsored by the Minerals, Metals, & Materials Society, Warrendale, PA. 

9 Edwards, C., "The Recovery of Metal Values from Process Residues," Journal of Mines, June 1991, p. 32. 
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BERYLLIUM 

A. Commodity Summary 

Beryllium (Be) is used as an alloy, oxide, or metal in electronic components, electrical components, 
aerospace applications, defense applications, and other applications.1  Beryllium is processed into three forms --
beryllium alloys (principally beryllium-copper); beryllium oxide or beryllia ceramic; and metallic beryllium.2 

Beryllium-copper alloys account for about 75 percent of the United States annual consumption of beryllium on a 
metal equivalent basis. These alloys, most of which contain about two percent beryllium, are used because of their 
high electrical and thermal conductivity, high strength and hardness, good fatigue and corrosion resistance, and non-
magnetic properties.3  Beryllia ceramic is specified for its electrical insulating properties and its unusual ability to 
conduct heat. Metallic beryllium offers light weight, strength, stiffness, specialized nuclear properties, and the 
ability to dissipate heat rapidly.4 

Beryllium is a recognized constituent in some 40 minerals. However, only two minerals -- beryl, an 
aluminosilicate (3BeOCAl2O3C6SiO2) containing 5 to 13 percent beryllium oxide (BeO), and bertrandite 
(Be4Si2O7(OH)2), which occurs as tiny silicate granules containing less than one percent BeO -- are commercially 
available as beryllium ores.5  A BeO content of 10 percent is considered necessary for the economic extraction of 
beryllium from beryl and bertrandite ores. Bertrandite ores are considered a commercially viable source of 
beryllium because of the large reserves present, the ability to mine it in an open pit, and the fact that beryllium may 
be extracted by leaching with sulfuric acid. In fact, the majority of beryllium produced is now obtained from 
bertrandite.6 

The major deposits of beryllium in the United States are bertrandite deposits in the Spor Mountains of Utah. 
Brush Wellman, Inc. bought the mineral rights to these deposits and began mining in the 1960's.7  Its plant near 
Delta, Utah, is the only commercial beryllium extraction and production plant operating in the Western world.8  The 
Delta plant uses both beryl and bertrandite ores as inputs for the production of beryllium hydroxide. Although 
bertrandite ore is mined on-site using open-pit methods, the beryl ore is imported primarily from Brazil. However, 
beryl deposits also occur in China, Argentina, India, Russia, and some African countries. Beryl is usually obtained 
as a by-product from mining zoned pegmatite deposits to recover feldspar, spodumene, or mica.9  Two other 
facilities process the beryllium hydroxide to produce beryllium metal, alloy or oxide. Exhibit 1 presents the name, 

1 Deborah A. Kramer, "Beryllium," from Mineral Commodity Summaries, U.S. Bureau of Mines, January 1995, 
p. 28. 

2 Brush Wellman, Inc. Comment submitted in response to the Supplemental Proposed Rule Applying Phase IV 
Land Disposal Restrictions to Newly Identified Mineral Processing Wastes.  January 25, 1996. 

3 U.S. Bureau of Mines, "Beryllium in 1992," Mineral Industry Surveys, April 1993, p. 3. 

4 Brush Wellman, Inc. Op. Cit. 

5 Brush Wellman, Comments of Brush Wellman Inc. on EPA's Proposed Reinterpretation of the Mining Waste 
Exclusion, December 30, 1985, p. 1. 

6 "Beryllium and Beryllium Alloys," Kirk-Othmer Encyclopedia of Chemical Technology, 4th ed., Vol. IV, 1992, 
p. 126. 

7 "From Mining to Recycling," Metal Bulletin Monthly — MBM Copper Supplement, 270, 1993, p. 27. 

8 Deborah A. Kramer, January 1995, Op. Cit., p. 28. 

9 "Beryllium and Beryllium Alloys," 1992, Op. Cit., p. 126. 



location, the type of processing, input material and product for each of the beryllium processing facilities. Exhibit 2 
presents general site information on the Delta, UT facility. 

EXHIBIT 1 

SUMMARY OF PRIMARY AND SECONDARY BERYLLIUM ORE PROCESSORSa 

Facility Name Location Type of Process Input Material Products 

Brush Wellman Delta, UT Primary Ores Be(OH)2 

Brush Wellman Elmore, OH Secondary Be(OH)2 Be Metal and Alloys 

NGK Metals Revere, PA Secondary Be(OH)2 Be Metal 

a - Personal Communication between ICF Incorporated and Deborah Kramer, U.S. Bureau of Mines, October 1994. 

EXHIBIT 2


SITE INFORMATION


Facility Name Facility Location Potential Factors Related to Sensitive Environment 

Brush Wellman, Inc. Delta, Utah C Brush Wellman mill located 10 miles north of Delta, 
Utah; mine located 50 miles west of the mill. 

C Nearest resident lives 5 miles from Brush Wellman 
facility 

C Brush Wellman facility is not located in: a 100-year 
floodplain, an area designated as wetland, Karst 
terrain, fault area, or an endangered species habitat 

C No public drinking water wells are located within 5 
miles of the Brush Wellman facility 

C Private drinking water wells are located within 1 mile 
of the Brush Wellman facility 

B. Generalized Process Description 

1. Discussion of Typical Production Processes 

Brush Wellman extracts bertrandite ore at a mine site located approximately 50 miles northwest of Delta, 
Utah. The ore is transported to a mill located 10 miles north of Delta and is treated using a counter-current 
extraction process to produce beryllium sulfate, BeSO4. A second route, using the Kjellgren-Sawyer process, treats 
the beryl ore and provides the same beryllium sulfate intermediate. The intermediates from the two ore extraction 
processes are combined and fed to another extraction process. This extraction process removes impurities 
solubilized during the processing of the bertrandite and beryl ores and converts the beryllium sulfate to beryllium 
hydroxide, Be(OH)2. The beryllium hydroxide is either sold, or sent off-site to either be converted to beryllium 
fluoride, BeF2, which is then catalytically reduced to form metallic beryllium, converted to beryllium oxide, or 
converted to beryllium alloys. 



2. Generalized Process Flow Diagram 

Exhibit 3 (Parts 1-3) presents a generalized process flow diagram for the production of metallic beryllium. 
Each part of the process is described in greater detail below. 

Part 1: Extraction of Beryllium as Beryllium Sulfate 

Processing of bertrandite and imported beryl ores takes place at the Brush Wellman plant in Delta, Utah. 
Even though beryllium is extracted from both ores as beryllium sulfate, there are significant differences in the two 
extraction procedures. For example, the beryl extraction procedure requires five 15-foot diameter thickeners, while 
the bertrandite process uses eight 90-foot diameter thickeners.10 

Bertrandite Ore. The bertrandite ore is crushed, sized, and wet milled to provide a pumpable slurry of 
particles below 840 µm.11  The slurry is leached with sulfuric acid, H2SO4, at moderate temperatures (about 95°C) to 
solubilize the beryllium.  The resulting beryllium sulfate solution is separated from unreacted solids using thickeners 
and counter-current decantation (CCD). The solids from the thickener underflow are discarded to a tailings pond.12 

Beryl Ore. In contrast to bertrandite, beryl ore contains beryllium in a tightly bound crystalline structure. 
Therefore, in order to effectively leach the beryllium with sulfuric acid, it is first necessary to destroy the crystalline 
structure. The Kjellgren-Sawyer process is used commercially to extract beryllium from beryl. In this process, the 
ore is crushed, melted at 1650°C, and quenched by pouring the molten ore into water. The resulting noncrystalline 
glass (frit) is heat treated at 900-950°C to further increase the reactivity of the beryllium component. After grinding 
to <74 µm, a slurry of the frit powder is reacted with concentrated sulfuric acid at 250-300°C to produce soluble 
beryllium sulfate and aluminum sulfate, Al2(SO4)3.13  The spent solid fraction is separated from the beryllium sulfate 
solution using thickeners and CCD and discarded to a tailings pond. 

Beryllium sulfate leach solutions from the bertrandite and beryl CCD thickeners are combined in a surge 
tank and pumped to another tank where sulfuric acid is added.  The solution is then pumped to a filter which is pre-
coated with diatomaceous earth. The clarified filtrate solution from the filter (called extraction feed) is pumped to 
another surge tank before being introduced into the next step of the process, the production of beryllium hydroxide. 
The filter cake from the filter is continuously scraped off, repulped with fresh water, and pumped to the leach output 
where it is recycled to the CCD thickeners for beryllium recovery.14 

In the past, the beryllium sulfate solution produced from the extraction of beryl ore was neutralized with 
ammonia in order to separate the bulk of the aluminum as ammonium alum. The ammonium alum crystals were then 
removed by centrifugation. Organic chelating agents, such as the sodium salt of ethylenediaminetetraacetic acid 
(EDTA) and triethanolamine, were added to the alum-free solution in the presence of sodium hydroxide to form a 

10 U.S. Environmental Protection Agency, "Beryllium," 1988 Final Draft Summary Report of Mineral Industrial 
Processing Wastes, 1988, p. 3-47. 

11 Crushing, sizing, and wet milling are shown as physical processing in Exhibit 1. 

12 Brush Wellman, Comments of Brush Wellman Inc. on EPA's Proposed Reinterpretation of the Mining Waste 
Exclusion, Revised November 21, 1988, p. 8. 

13 Crushing, melting, quenching, heat treating, and grinding are shown as physical treatment in Exhibit 1. 

14 Brush Wellman, Inc. Comment submitted in response to the Supplemental Proposed Rule Applying Phase IV 
Land Disposal Restrictions to Newly Identified Mineral Processing Wastes.  January 25, 1996. 



solution of sodium beryllate. Heating the solution to just below its boiling point precipitated a granular beryllium 
hydroxide that was recovered by continuous centrifugation.15 

Part 2: Production of Beryllium Hydroxide from Beryllium Sulfate 

During the extraction processes performed on the bertrandite and beryl ores, elements other than beryllium 
(e.g., aluminum, iron, and magnesium) are solubilized and must be removed in order to prevent product 
contamination. Therefore, extraction feed solution is pumped from the surge tank to the solvent extraction circuit. 
Solvent extraction is a closed-loop circuit consisting of three steps: loading, stripping, and acid conversion. The 
loading step consists of ten pairs of mixer and settler tanks. To liberate the beryllium from the extraction feed, the 
extraction feed is mixed with kerosene containing di(2-ethylhexyl)phosphate in each mixer tank and allowed to 
separate by gravity in each settler tank, where beryllium-laden organic liquid floats to the top. This is done 
sequentially through all ten mixer/settler pairs with aqueous liquid moving downcurrent from the first extraction 
mixer tank to the last settling tank, while the organic liquid moves upcurrent from the last mixer tank to the first 
settling tank. The aqueous liquid that leaves the end of the loading step of the solvent extraction circuit is known as 
raffinate, and it contains all of the magnesium (Mg) and most of the aluminum (Al) found in the beryllium sulfate 
extraction feed solution. The raffinate is pumped to a surge tank where any residual organic liquid is allowed to 
separate. The raffinate is then pumped to a water collection tank where it is combined with other wastewater streams 
and pumped to the tailings disposal tank, and then to the tailings pond. None of the raffinate is recycled. 

The beryllium-laden organic liquid that comes out of the loading step of the solvent extraction circuit is 
called loaded organic. It is pumped to a surge tank and then to two pairs of mixer/settler tanks which comprise the 
stripping step of the solvent extraction circuit. The loaded organic is contacted with a small volume of aqueous 
ammonium carbonate in the mixer tanks, and allowed to separate in the settler tanks. The ammonium carbonate 
solution strips the beryllium, any remaining aluminum, iron, and uranium from the loaded organic, and results in an 
ammonium-beryllium carbonate solution with a ten-fold higher beryllium concentration than the loaded organic. 
The ammonium-beryllium carbonate solution is pumped to a surge tank before being introduced into the iron 
hydrolysis step. The remaining organic liquid from the stripping step is termed stripped organic. 

The stripped organic has a basic pH from the stripping step and is converted to an acid pH for reuse in the 
loading step of the solvent extraction circuit. This is done in the acid conversion step of the solvent extraction 
circuit. In this step, the stripped organic is treated in two pairs of mixer/settler tanks by contacting it with aqueous 
sulfuric acid solution. The acidified, or converted, organic is pumped to two surge tanks prior to being recycled to 
the loading step of the solvent extraction circuit. The aqueous liquid from the acid conversion step is a wastewater 
called converted aqueous feed (CAF) and is pumped to the raffinate surge tank for discard. None of the CAF is 
recycled.16 

Heating the ammonium beryllium carbonate solution to 95°C liberates part of the ammonia (NH4) and 
carbon dioxide (CO2) and causes the precipitation of beryllium carbonate, BeCO3. The beryllium carbonate is 
separated on a rotary drum filter and may be drummed as an intermediate product. However, the beryllium 
carbonate may also be reslurried in deionized water and processed to beryllium hydroxide. Heating the beryllium 
carbonate slurry to 165°C in a pressure vessel liberates the remaining carbon dioxide and the resulting beryllium 
hydroxide is recovered by filtration.17 

15 "Beryllium and Beryllium Alloys," Kirk-Othmer Encyclopedia of Chemical Technology, 3rd ed., Vol. IV, 
1978, p. 808. 

16 Brush Wellman, Inc. January, 26, 1996. Op. Cit. 

17 Ibid. 



EXHIBIT 3 

Process Flow Diagram for Production of Metallic Beryllium (Part 1 of 3) 
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Process Flow Diagram for Production of Metallic Beryllium (Part 3 of 3) 
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Beryllium hydroxide production is the starting point for all further beryllium processing. Following 
hydroxide extraction, separate production processes are involved in producing the three basic beryllium lines (i.e., 
metallic beryllium, beryllium alloys, and beryllia). 

Part 3: Production of Beryllium Metal, Oxide, and Alloys 

Production of Metallic Beryllium. Brush Wellman uses the Schwenzfeier process to prepare a purified, 
anhydrous beryllium fluoride for reduction to beryllium metal. The first step of this process involves dissolving 
beryllium hydroxide in ammonium bifluoride to yield a solution of ammonium fluoroberyllate at pH 5.5. The 
solution is neutralized by adding aquaammonia. Then, solid calcium carbonate, CaCO3, is added and the solution is 
heated to 60°C to remove aluminum before filtering. After filtration, ammonium sulfide is added to the filtrate to 
remove any heavy-metal impurities. Following the filtration step, ammonium fluoroberyllate is crystallized by co
current evaporation under vacuum. The crystals are continuously removed by centrifugation and washed lightly, 
while the mother liquor and washings are returned to the evaporator.18  The ammonium fluoroberyllate is charged 
into inductively heated, graphite-lined furnaces where it is thermally decomposed to beryllium fluoride and 
ammonium fluoride. The ammonium fluoride is vaporized into fume collectors for recycle to the dissolution 
operation, whereas the molten beryllium fluoride is removed from the bottom of the furnace and solidified as a 
glassy product on water-cooled casting wheels.19 

The beryllium fluoride is then reduced by magnesium metal (Mg) at a stoichiometric ratio of 1 BeF2 : 0.7 
Mg. In this process, magnesium metal and beryllium fluoride are charged into a graphite crucible at a temperature of 
about 900°C. The excess beryllium fluoride produces a slag of magnesium and beryllium fluorides having a melting 
point substantially below that of beryllium metal. The excess BeF2 prevents the formation of an oxide film on the 
beryllium particles and assists in the coalescence of the metal.20 

When the exothermic reaction is completed, the reaction products are heated to about 1300°C to allow 
molten beryllium to separate and float on top of the slag. The molten beryllium and slag are then poured into a 
graphite receiving pot where both solidify. The reaction product is then crushed and water-leached in a ball mill. 
The excess beryllium fluoride quickly dissolves, causing disintegration of the reaction mass and liberation of the 
beryllium metal as spherical pebbles. The leach liquor in this step is continuously passed through the ball mill in 
order to remove the fine, insoluble magnesium fluoride (MgF2) particles formed during the reduction reaction. The 
magnesium fluoride is ultimately separated from the leach liquor and discarded. The leach liquor, which includes 
the excess beryllium fluoride, is then recycled as part of the input for making ammonium fluoroberyllate. The 
beryllium metal pebbles contain 98 percent beryllium along with entrapped reduction slag and unreacted magnesium. 
To remove these impurities, the metal is melted in induction furnaces under a vacuum. The excess magnesium and 
beryllium fluoride from the slag vaporize and are collected in suitable filters. Nonvolatiles, such as beryllium 
carbide (Be2C), beryllium oxide, and magnesium fluoride, separate from the molten metal as a dross that adheres to 
the bottom of the crucibles. The purified beryllium metal is poured and cast into ingots of 150-200 kilograms.21 

Production of Beryllium Oxide. Exhibit 4 illustrates the production of beryllium oxide. Beryllium 
hydroxide is dissolved in water and sulfuric acid. The resulting beryllium sulfate solution is filtered to remove 
impurities. The solution flows to one of two evaporators followed by two crystallizers in parallel where beryllium 
sulfate crystals are formed. The crystals are separated from the mother liquor in a centrifuge, and the mother liquor 
is recycled to the beryllium hydroxide dissolver. 

18 Evaporation, centrifugation, and washing are shown as processing in Exhibit 1.


19 "Beryllium and Beryllium Alloys", 1992, Op. Cit., pp. 129-130.


20 Ibid., p. 130.


21 "Beryllium and Beryllium Alloys," 1978, Op. Cit., p. 810.




EXHIBIT 4 

PROCESS FLOW DIAGRAM FOR PRODUCTION OF BERYLLIUM OXIDE 
(Adapted from:  Development Document for Effluent Limitations Guidelines, 1989, p. 3647.) 
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The beryllium sulfate is calcined in gas fired furnaces at about 1100°C to beryllium oxide. The exhaust gas from the 
calcining furnace is scrubbed in caustic scrubbers to remove sulfur dioxide. The scrubber water is sent to 
treatment.22 

Production of Beryllium-copper Alloys. Beryllium hydroxide, electrolytic copper, and carbon are 
combined in an electric arc furnace to make beryllium-copper master alloy. The resultant melt, containing about 
four percent beryllium is cast into ingots. Remelting master alloy ingots with additional copper and other alloying 
elements yields the desired beryllium-copper alloy, which is then cast into slabs or billets. Slabs of beryllium copper 
alloys are processed further into strip or plate, and billets are extruded into tube, rod, bar, and wire products.23 

3. Identification/Discussion of Novel (or otherwise distinct) Processes 

The Fluoride process, an alternative to the Kjellgren-Sawyer process, converts the beryllium oxide found in 
beryl ore to a water-soluble form by roasting with fluxes. In this process, pulverized beryl ore is roasted with 
sodium fluorosilicate at approximately 750°C to form slightly soluble sodium fluoroberyllate. The reaction products 
are extruded as wet briquettes and ground in a wet pebble mill. The sodium fluoroberyllate is then leached with 
water at room temperature. The filtered solution is treated with sodium hydroxide to form sodium beryllate, from 
which a filterable beryllium hydroxide is precipitated by boiling. The beryllium hydroxide can then be processed to 
metallic beryllium using the process discussed in Part 3.24 

4. Beneficiation/Processing Boundaries 

EPA established the criteria for determining which wastes arising from the various mineral production 
sectors come from mineral processing operations and which are from beneficiation activities in the September 1989 
final rule (see 54 Fed. Reg. 36592, 36616 codified at 261.4(b)(7)). In essence, beneficiation operations typically 
serve to separate and concentrate the mineral values from waste material, remove impurities, or prepare the ore for 
further refinement. Beneficiation activities generally do not change the mineral values themselves other than by 
reducing (e.g., crushing or grinding), or enlarging (e.g., pelletizing or briquetting) particle size to facilitate 
processing. A chemical change in the mineral value does not typically occur in beneficiation. 

Mineral processing operations, in contrast, generally follow beneficiation and serve to change the 
concentrated mineral value into a more useful chemical form. This is often done by using heat (e.g., smelting) or 
chemical reactions (e.g., acid digestion, chlorination) to change the chemical composition of the mineral. In contrast 
to beneficiation operations, processing activities often destroy the physical and chemical structure of the incoming 
ore or mineral feedstock such that the materials leaving the operation do not closely resemble those that entered the 
operation. Typically, beneficiation wastes are earthen in character, whereas mineral processing wastes are derived 
from melting or chemical changes. 

EPA approached the problem of determining which operations are beneficiation and which (if any) are 
processing in a step-wise fashion, beginning with relatively straightforward questions and proceeding into more 
detailed examination of unit operations, as necessary. To locate the beneficiation/processing "line" at a given 
facility within this mineral commodity sector, EPA reviewed the detailed process flow diagram(s), as well as 
information on ore type(s), the functional importance of each step in the production sequence, and waste generation 
points and quantities presented above. 

22 U.S. Environmental Protection Agency, Development Document for Effluent Limitations Guidelines and 
Standards for the Nonferrous Metals Manufacturing Point Source Category, Vol. VII, Office of Water Regulation 
Standards, May 1989, p. 3643. 

23 Deborah A. Kramer, "Beryllium Minerals," from Industrial Rocks and Minerals, 6th Ed., Society for Mining, 
Metallurgy, and Exploration, 1994, p. 152. 

24 "Beryllium and Beryllium Alloys," 1978, Op. Cit., pp. 808-809. 



Bertrandite and Beryl Ore Processes 

EPA determined that for the production of beryllium via the bertrandite and beryl ore processes, mineral 
processing occurs between solvent extraction and iron hydrolysis, due to the change in chemical composition that 
occurs during hydrolysis.25  Therefore, because EPA has determined that all operations following the initial 
"processing" step in the production sequence are also considered processing operations, irrespective of whether they 
involve only techniques otherwise defined as beneficiation, all solid wastes arising from any such operation(s) after 
the initial mineral processing operation are considered mineral processing wastes, rather than beneficiation wastes. 
EPA presents below the mineral processing waste streams generated after the beneficiation/processing line, along 
with associated information on waste generation rates, characteristics, and management practices for each of these 
waste streams. 

Other Beryllium Processing 

Because other beryllium products are produced after either bertrandite ore processing or beryl ore 
processing, all of the wastes generated during these operations are mineral processing wastes. For a description of 
where the beneficiation/processing boundary occurs for this mineral commodity, please see the bertrandite ore and 
beryl ore process sections above. 

C. Process Waste Streams 

During the production of metallic beryllium from beryl and bertrandite ores, several waste streams are 
generated. Each waste stream is identified below, along with the portion of the process in which it is created. For 
each waste stream, any specific information regarding its physical and chemical characteristics is provided, as well 
as generation rates and management practices. 

1. Extraction/Beneficiation Wastes 

Part 1: Extraction of Beryllium as Beryllium Sulfate 

Physical Processing/Treatment wastes. These wastes are generated by the physical processing or 
treatment of ore, and may include tailings, gangue, and wastewater. No other information on waste characteristics, 
waste generation, or waste management was available in the sources listed in the bibliography. 

Bertrandite thickener slurry. Approximately 370,000 metric tons of bertrandite thickener slurry were 
discarded to a tailings pond in 1992.26  The pH of the bertrandite thickener slurry has been reported between 2.5 and 
3.5.27  The attached data in Attachment 1 indicate that the pH of bertrandite thickener slurry ranges from 2 to 3. 
Therefore, this waste may sometimes exhibit the hazardous characteristic of corrosivity. We used best engineering 
judgment to determine that this waste stream may be recycled to extraction/beneficiation units. Bertrandite thickener 
slurry was formerly classified as a by-product. This waste stream is combined with approximately 250,000 metric 
tons of miscellaneous water streams prior to disposal.28  The miscellaneous water streams are generated during the 
bertrandite ore extraction process, but the origin of these streams is unknown. See Attachment 1 for waste 
characterization data. 

25 U.S. Environmental Protection Agency, Letter from Mr. Robert Tonetti, Acting Deputy Director, Waste 
Management Division, Office of Solid Waste to Mr. Richard Davis, Brush Wellman, Inc., March 15, 1990. 

26 U.S. Environmental Protection Agency, Newly Identified Mineral Processing Waste Characterization Data Set, 
Office of Solid Waste, Volume I, August, 1992, p. I-2. 

27 Brush Wellman, 1988, Op. Cit., p. 8. 

28 RTI Survey 101006, National Survey of Solid Wastes From Mineral Processing Facilities, Brush Wellman Co., 
Delta, UT, 1989, p. 2-4. 



Beryl thickener slurry. In 1992, beryl thickener slurry was discarded to a tailings pond at a rate of 3,000 
metric tons/yr.29  The beryl thickener slurry has a pH of 2.30  Therefore, this waste exhibits the hazardous 
characteristic of corrosivity. We used best engineering judgment to determine that this waste stream may be 
recycled to extraction beneficiation units. Beryl thickener slurry was formerly classified as a by-product. This waste 
stream is combined with about 21,000 metric tons of sluice water prior to disposal.31  The sluice water is used to 
transport the beryl ore to the start of the ore extraction processes. See Attachment 1 for waste characterization data. 

Part 2: Production of Beryllium Hydroxide from Beryllium Sulfate 

Spent raffinate. Approximately 380,000 metric tons of spent raffinate were discarded to a tailings pond in 
1992. This waste exhibits the hazardous characteristics of toxicity (for selenium) and corrosivity.32  The raffinate 
has a pH of 1.4.33  This aqueous waste stream also contains magnesium and aluminum,34 and may contain treatable 
concentrations of metal impurities, total suspended solids, and low levels of organics.35  This waste stream is 
discarded to a tailings pond.36  Spent raffinate was formerly classified as a spent material. This waste stream is 
combined with approximately roughly 33,000 metric tons of an acid conversion stream prior to disposal.37  See 
Attachment 1 for waste characterization data. 

Sump water. This waste is generated during the solvent extraction process that removes metal impurities 
from the beryllium sulfate solution. Existing data and engineering judgment suggest that this material does not 
exhibit any characteristics of hazardous waste. Therefore, the Agency did not evaluate this material further. 

Acid conversion stream. This waste is the resultant aqueous liquid of the stripping step of the solvent 
extraction process and is referred to as converted aqueous feed. This waste stream is combined with spent raffinate 
and discarded to a tailings pond.38  Existing data and engineering judgment suggest that this material does not exhibit 
any characteristics of hazardous waste.  Therefore, the Agency did not evaluate this material further. 

29 U.S. Environmental Protection Agency, 1992, Op. Cit., p. I-2. 


30 Ibid., p. 6-61.


31 RTI Survey 101006, 1989, Op. Cit., p. 2-4.


32 U.S. Environmental Protection Agency, 1992, Op. Cit., p. I-2.


33 Brush Wellman, 1988, Op. Cit., p. 11.


34 "Beryllium and Beryllium Alloys", 1992, Op. Cit., p. 129.


35 U.S. Environmental Protection Agency, 1989, Op. Cit., p. 3569.


36 Brush Wellman, Inc. January 25, 1996. Op. Cit.


37 RTI Survey 101006, 1989, Op. Cit., p. 2-4.


38 Brush Wellman, Inc. January 25, 1996. Op. Cit.




2. Mineral Processing Wastes


Part 2: Production of Beryllium Hydroxide from Beryllium Sulfate




Separation slurry. In 1992, the separation slurry was discarded to a tailings pond at a rate of 2,000 metric 
tons/yr.39  The separation slurry has a pH of 3.40  The slurry contains iron and aluminum which have been 
precipitated as hydroxides and carbonates from the aqueous ammonium beryllium carbonate stream.41  This waste 
stream is combined with about 39,000 metric tons of scrubber water prior to disposal.42  The scrubber water is 
probably basic because it is used to scrub the ammonia and carbon dioxide stream released during the heating of the 
ammonium beryllium carbonate. See Attachment 1 for waste characterization data. 

Spent barren filtrate streams. The barren filtrate streams are produced during the filtration of beryllium 
carbonate and beryllium hydroxide. Approximately 88,000 metric tons of barren filtrate were discarded to a tailings 
pond in 1992. This waste exhibits the hazardous characteristic of toxicity for selenium.43  The barren filtrate streams 
have a pH of 9.8.44  EPA received conflicting data about whether this waste stream is recycled to the bertrandite 
CCD thickeners or is disposed, so we used best engineering judgment to determine that this waste stream is partially 
recycled. The streams were formerly classified as spent material. The barren filtrate stream from the filtration of 
beryllium carbonate operation contains uranium that was solubilized in the ore extraction processes. See Attachment 
1 for waste characterization data. 

Beryllium hydroxide supernatant. When beryllium is recovered from recycled customer material, 
internally generated residues, scrap, and recycled mother liquor from the beryllium oxide crystallization operations, 
the raw material is dissolved in sulfuric acid and beryllium and then precipitated with caustic as beryllium 
hydroxide. After gravity separation, the supernatant is discharged as a wastewater stream.45  Existing data and 
engineering judgment suggest that this material does not exhibit any characteristics of hazardous waste. Therefore, 
the Agency did not evaluate this material further.  See Attachment 1 for waste characterization data. 

Part 3: Production of Beryllium Metal, Oxide, and Alloys 

Production of Metallic Beryllium 

The following waste streams are generated during the conversion of beryllium hydroxide to beryllium 
metal. 

Neutralization discard. This waste stream contains precipitated aluminum. Existing data and engineering 
judgment suggest that this material does not exhibit any characteristics of hazardous waste. Therefore, the Agency 
did not evaluate this material further. 

Precipitation discard. This waste stream contains precipitated manganese dioxide and lead chromate. 
Existing data and engineering judgment suggest that this material does not exhibit any characteristics of hazardous 
waste. Therefore, the Agency did not evaluate this material further. 

Filtration discard. This waste stream contains lead and other heavy-metal impurities. Although no 
published information regarding waste generation rate or characteristics was found, we used the methodology 

39 U.S. Environmental Protection Agency, 1992, Op. Cit., p. I-2.


40 Brush Wellman, 1988, Op. Cit., p. 9.


41 "Beryllium and Beryllium Alloys," 1978, Op. Cit., p. 807.


42 RTI Survey 101006, 1989, Op. Cit., p. 2-4.


43 U.S. Environmental Protection Agency, 1992, Op. Cit., p. I-2.


44 Brush Wellman, 1988, Op. Cit., p. 10.


45 U.S. Environmental Protection Agency, 1989, Op. Cit., p. 3660.




outlined in Appendix A of this report to estimate a low, medium, and high annual waste generation rate of 100 
metric tons/yr, 23,000 metric tons/yr, and 45,000 metric tons/yr, respectively. We used best engineering judgment to 
determine that this waste may exhibit the characteristics of toxicity for lead. This waste stream is not recycled. 

Leaching discard. This waste stream contains insoluble magnesium fluoride. Existing data and 
engineering judgment suggest that this material does not exhibit any characteristics of hazardous waste. Therefore, 
the Agency did not evaluate this material further. 

Dross discard. This waste stream contains nonvolatiles, such as beryllium oxide, magnesium fluoride, and 
beryllium carbide which separate from the molten beryllium metal during the final melting process. Existing data 
and engineering judgment suggest that this material does not exhibit any characteristics of hazardous waste. 
Therefore, the Agency did not evaluate this material further. 

Melting emissions.  This gaseous waste stream contains magnesium and beryllium fluoride which 
vaporized during the final melting process and collected on suitable filters. Existing data and engineering judgment 
suggest that this material does not exhibit any characteristics of hazardous waste. Therefore, the Agency did not 
evaluate this material further. 

Process wastewater. Process condensates are generated from the ammonium beryllium fluoride 
crystallizer and the ammonium fluoride sludge filtrate evaporator. The condensed water is used as makeup for the 
fluoride furnace scrubbing system, for the beryllium pebble plant scrubbing system, for sludge washing, and general 
plant water usage such as floor washing. Periodic discharge from the process water pit is necessary to prevent 
dissolved solids build-up. The process wastewater has a neutral pH, and treatable concentrations of beryllium and 
fluoride. Ammonia and cyanide are also reported as present above treatable concentrations.46 

Pebble plant area vent scrubber water. The beryllium pebble plant contains a ventilation system for air 
circulation. A wet scrubber is employed to clean the used air prior to venting to the atmosphere. Although the 
scrubber is recycled extensively, a blowdown stream is periodically discharged to the process water pit. Makeup 
water for the scrubber is obtained from the process water pit. This scrubber water has a slightly acidic pH, and 
treatable concentrations of beryllium and fluoride.47  Existing data and engineering judgment suggest that this 
material does not exhibit any characteristics of hazardous waste. Therefore, the Agency did not evaluate this 
material further. See Attachment 1 for waste characterization data. 

Chip treatment wastewater. Pure beryllium metal scrap in the form of chips is treated with nitric acid and 
rinsed prior to being vacuum cast along with beryllium pebbles into a beryllium metal billet. The spent acid and 
rinse water are discharged. This operation combines refining beryllium from secondary as well as primary sources.48 

Although no published information regarding waste generation rate or characteristics was found, we used the 
methodology outlined in Appendix A of this report to estimate a low, medium, and high annual waste generation rate 
of 100 metric tons/yr, 50,000 metric tons/yr, and 1,000,000 metric tons/yr, respectively. We used best engineering 
judgment to determine that this waste may exhibit the characteristics of toxicity for chromium. See Attachment 1 for 
waste characterization data. We also used best engineering judgment to determine that this waste stream may be 
partially recycled. This waste stream was formerly classified as a spent material. 

Production of Beryllium Oxide 

Scrubber liquor. This waste contains the sulfur dioxide removed from the furnace exhaust gas and sent to 
treatment. While over 90 percent of this stream is recycled, the rest is discharged as a wastewater stream. Scrubber 
liquor has a neutral pH, very high concentrations of dissolved solids (primarily sodium sulfate), and treatable 

46 U.S. Environmental Protection Agency, 1989, Op. Cit., p. 3661.


47 Ibid., p. 3662.


48 Ibid., p. 3661. 




concentrations of beryllium, fluoride and suspended solids.49  Existing data and engineering judgment suggest that 
this material does not exhibit any characteristics of hazardous waste. Therefore, the Agency did not evaluate this 
material further. 

Waste solids. This waste stream contains the impurities filtered from beryllium sulfate solution. Existing 
data and engineering judgment suggest that this material does not exhibit any characteristics of hazardous waste. 
Therefore, the Agency did not evaluate this material further. 

Production of Beryllium-copper alloys 

No other information on waste characteristics, waste generation, or waste management of wastes generated 
during production of beryllium-copper alloys was available in the sources listed in the bibliography. 

D. Non-uniquely Associated Wastes 

Non-uniquely associated hazardous wastes may be generated at on-site laboratories, and may include used 
chemicals and liquid samples. Other hazardous wastes may include spent solvents, and acidic tank cleaning wastes. 
Non-hazardous wastes may include tires from trucks and large machinery, sanitary sewage, and waste oil and other 
lubricants. 

E. Summary of Comments Received by EPA 

New Factual Information 

Four commenters provided new factual information on beryllium sector processes and waste streams. 
(COMM58, COMM59, COMM60, COMM64). This information has been incorporated into the commodity 
summary, process description, and waste stream description sections of this sector report. 

Sector-Specific Issues 

Three commenters indicated that the Agency had incorrectly placed the beneficiation/processing line in the 
beryllium sector. (COMM58, COMM60, COMM64) The commenters indicated that the Agency’s placement of the 
beneficiation/processing line was inconsistent with prior Agency determinations. The Agency agrees that the 
beneficiation/processing line was incorrectly located in the initial draft of the sector report, and has revised the 
discussion of the beneficiation/processing boundary to reflect the decision made in the March 15, 1990 letter from 
Robert Tonetti, Acting Deputy Director, Waste Management Division, to Richard Davis of Brush Wellman, Inc.50 

EPA received conflicting information about the disposition of spent barren filtrate. One commenter 
indicated that spent barren filtrate is recycled to the bertrandite CCD thickeners (COMM59). However, in 
comments on the Regulatory Impact Analysis, the same commenter indicated that spent barren filtrate is not recycled 
(COMM60). In the May 12, 1997 Second Supplemental Proposed Rule Applying Phase IV Land Disposal 
Restrictions to Newly Identified Mineral Processing Wastes, this same commenter indicated that a waste stream 
known as “finc barren filtrate” is recycled (Brush Wellman, Inc., 2P4P-00052). It is unclear whether “fine barren 
filtrate” and spent barren filtrate are the same waste stream because the commenter provided differing generation 
quantities for “fine barren filtrate” and “barren filtrate.” Furthermore, a process flowsheet provided in the comment 
did not indicate direct recycling of barren filtrate to the CCD thickeners. In light of this conflicting information, 

49 Ibid., p. 3660. 

50 In the process of incorporating this change into two supporting documents of this Rulemaking (Regulatory 
Impact Analysis and Characterization of Mineral Processing Wastes and Materials), EPA inadvertently removed 
spent barren filtrate from cost and risk modeling analyses as a beneficiation waste. This waste is a processing waste 
because it is generated downstream of the initial mineral processing step of beryllium production, iron hydrolysis. 
EPA has corrected this error in the supporting documents. 



EPA is assuming that this material is partially recycled as described in the spent barren filtrate waste stream 
description. 
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ATTACHMENT 1




SUMMARYOFEPA/ORD, 3007, ANDRTI SAMPLINGDATA-BETRANDITETHICKENERSLURRY-BERYLLIUM 

Constituents 
Total Constituent Analysis-PPM 

Minimum Average Maximum #Detects 
EPToxicityAnalysis -PPM TC #Values 

Minimum Average Maximum #Detects Level InExcess 
Aluminum 
Antimony 
Arsenic 
Barium 
Beryllium 
Boron 
Cadmium 
Chromium 
Cobalt 
Copper 
Iron 
Lead 
Magnesium 
Manganese 
Mercury 
Molybdenum 
Nickel 
Selenium 
Silver 
Thallium 
Vanadium 
Zinc 
Sulfate 
Fluoride 
Chloride 
pH* 
Organics (TOC) 

200.00 454.50 709.00 2/2 
5.00 5.00 5.00 0/1 
5.00 5.00 5.00 0/1 
5.00 5.00 5.00 0/1 
9.70 3,209.90 9,320.00 3/3 

- - - 0/0 
0.50 0.50 0.50 0/1 
5.00 5.00 5.00 0/1 
5.00 5.00 5.00 0/1 
5.00 5.00 5.00 0/1 
7.00 186.00 365.00 2/2 

17.20 17.20 17.20 1/1 
300.00 340.00 380.00 2/2 
308.00 308.00 308.00 1/1 
0.0500 0.0500 0.0500 0/1 

5.00 5.00 5.00 0/1 
5.00 5.00 5.00 0/1 
5.00 5.00 5.00 0/1 
5.00 5.00 5.00 0/1 

25.00 25.00 25.00 0/1 
5.00 5.00 5.00 0/1 

65.30 65.30 65.30 1/1 
1,900.00 2,450.00 3,000.00 2/2 

- - - 0/0 
18.20 18.20 18.20 1/1 
2.00 2.50 3.00 2/2 

385.00 385.00 385.00 1/1 

6.80 6.80 6.80 1/1 - -
0.05 0.05 0.05 0/1 - -
0.05 0.05 0.05 0/1 5.0 0 
0.05 0.05 0.05 0/1 100.0 0 
0.84 0.84 0.84 1/1 - -

- - - 0/0 
0.01 0.01 0.01 0/1 1.0 0 
0.05 0.05 0.05 0/1 5.0 0 
0.05 0.05 0.05 0/1 - -
0.05 0.05 0.05 0/1 - -
0.12 0.12 0.12 1/1 - -
0.03 0.03 0.03 0/1 5.0 0 

16.00 16.00 16.00 1/1 - -
0.49 0.49 0.49 1/1 - -

0.0001 0.0001 0.0001 0/1 0.2 0 
0.05 0.05 0.05 0/1 - -
0.05 0.05 0.05 0/1 - -
0.05 0.05 0.05 0/1 1.0 0 
0.05 0.05 0.05 0/1 5.0 0 
0.25 0.25 0.25 0/1 - -
0.05 0.05 0.05 0/1 - -
1.19 1.19 1.19 1/1 - -

- -
- -
- -

2/2 2<pH>12 1 
- -

Non-detects wereassumed tobe present at 1/2 thedetection limit. TCLPdata arecurrently unavailable; therefore, only EPdata are presented. 



SUMMARYOFEPA/ORD, 3007, ANDRTI SAMPLINGDATA-BERYLPLANTSLURRYDISCHARGE-BERYLLIUM 

Constituents 
Total Constituent Analysis-PPM 

Minimum Average Maximum #Detected 
EPToxicityAnalysis -PPM TC #Values 

Minimum Average Maximum #Detected Level InExcess 
Aluminum 
Antimony 
Arsenic 
Barium 
Beryllium 
Boron 
Cadmium 
Chromium 
Cobalt 
Copper 
Iron 
Lead 
Magnesium 
Manganese 
Mercury 
Molybdenum 
Nickel 
Selenium 
Silver 
Thallium 
Vanadium 
Zinc 
Sulfate 
Fluoride 
Chloride 
pH* 
Organics (TOC) 

0.62 0.62 0.62 1/1 
0.05 0.05 0.05 0/1 
0.30 0.30 0.30 1/1 
0.05 0.05 0.05 0/1 
0.05 4,660.02 9,320.00 2/2 

- - - 0/0 
0.005 0.005 0.005 0/1 
0.05 0.05 0.05 0/1 
0.05 0.05 0.05 0/1 
0.05 0.05 0.05 0/1 
0.05 0.05 0.05 0/1 
0.03 0.03 0.03 0/1 
5.29 5.29 5.29 1/1 
0.05 0.05 0.05 0/1 

0.0003 0.0003 0.0003 0/1 
0.05 0.05 0.05 0/1 
0.05 0.05 0.05 0/1 
0.05 0.05 0.05 0/1 
0.05 0.05 0.05 0/1 
0.25 0.25 0.25 0/1 
0.05 0.05 0.05 0/1 
0.05 0.05 0.05 0/1 

8,740.00 8,740.00 8,740.00 1/1 
- - - 0/0 

155.00 155.00 155.00 1/1 
2.00 2.00 2.00 1/1 

579.00 579.00 579.00 1/1 

0.22 0.22 0.22 1/1 - -
0.05 0.05 0.05 0/1 - -
0.13 0.13 0.13 1/1 5.0 0 
0.05 0.05 0.05 0/1 100.0 0 
0.19 0.19 0.19 1/1 - -

- - - 0/0 - -
0.005 0.005 0.005 0/1 1.0 0 
0.05 0.05 0.05 0/1 5.0 0 
0.05 0.05 0.05 0/1 - -
0.15 0.15 0.15 1/1 - -
0.05 0.05 0.05 0/1 - -
0.03 0.03 0.03 0/1 5.0 0 
4.13 4.13 4.13 1/1 - -
0.05 0.05 0.05 0/1 - -

0.0001 0.0001 0.0001 0/1 0.2 0 
0.05 0.05 0.05 0/1 - -
0.05 0.05 0.05 0/1 - -
0.05 0.05 0.05 0/1 1.0 0 
0.05 0.05 0.05 0/1 5.0 0 
0.25 0.25 0.25 0/1 - -
0.05 0.05 0.05 0/1 - -
2.32 2.32 2.32 1/1 - -

- -
- -
- -

2<pH>12 1 
- -

Non-detects wereassumed tobe present at 1/2 thedetection limit. TCLPdata arecurrently unavailable; therefore, only EPdata are presented. 



SUMMARYOFEPA/ORD, 3007, AND RTI SAMPLINGDATA-SPENTRAFFINATE-BERYLLIUM 

Constituents 
Total Constituent Analysis-PPM 

Minimum Average Maximum #Detects 
EPToxicity Analysis -PPM TC #Values 

Minimum Average Maximum #Detects Level InExcess 
Aluminum 
Antimony 
Arsenic 
Barium 
Beryllium 
Boron 
Cadmium 
Chromium 
Cobalt 
Copper 
Iron 
Lead 
Magnesium 
Manganese 
Mercury 
Molybdenum 
Nickel 
Selenium 
Silver 
Thallium 
Vanadium 
Zinc 
Sulfate 
Fluoride 
Chloride 
pH* 
Organics (TOC) 

1570 1610 1650 2/2 
0.10 0.10 0.10 0/1 
3.05 3.05 3.05 1/1 
0.10 0.10 0.10 0/1 
2.62 5.52 8.00 5/5 

- - - 0/0 
0.01 0.01 0.01 0/1 
0.81 0.81 0.81 1/1 
0.10 0.10 0.10 0/1 
0.10 0.10 0.10 0/1 
2.88 2.88 2.88 1/1 
0.05 0.05 0.05 0/1 
1690 1690 1690 1/1 
60.70 60.70 60.70 1/1 

0.0001 0.0001 0.0001 0/1 
0.10 0.10 0.10 0/1 
0.46 0.46 0.46 1/1 
0.41 0.41 0.41 1/1 
0.10 0.10 0.10 0/1 
0.50 0.50 0.50 0/1 
0.10 0.10 0.10 0/1 

141.00 141.00 141.00 1/1 
55900 55900 55900 1/1 
7000 7000 7000 1/1 

298.00 298.00 298.00 1/1 
0.90 0.95 1.00 2/2 

- - - 0 

3050 3050 3050 1/1 - -
1.00 1.00 1.00 1/1 - -
1.19 1.19 1.19 1/1 5.0 0 
1.00 1.00 1.00 1/1 100.0 0 
2.83 2.83 2.83 1/1 - -

- - - 0/0 - -
0.10 0.10 0.10 1/1 1.0 0 
1.00 1.00 1.00 1/1 5.0 0 
1.00 1.00 1.00 1/1 - -
1.00 1.00 1.00 1/1 - -
3.16 3.16 3.16 1/1 - -
0.69 0.69 0.69 1/1 5.0 0 
1640 1640 1640 1/1 - -
61.10 61.10 61.10 1/1 - -

0.0002 0.0002 0.0002 1/1 0.2 0 
1.00 1.00 1.00 1/1 - -
1.00 1.00 1.00 1/1 - -
1.00 1.00 1.00 1/1 1.0 1 
1.00 1.00 1.00 1/1 5.0 0 
5.00 5.00 5.00 1/1 - -
1.00 1.00 1.00 1/1 - -
125 125 125 1/1 - -

- -
- -
- -

2<pH>12 2 
- -

Non-detectswereassumed tobepresent at 1/2 the detection limit. TCLPdataare currentlyunavailable; therefore, only EPdata arepresented. 



SUMMARYOFEPA/ORD, 3007, ANDRTI SAMPLINGDATA-SEPARATIONSLURRY-BERYLLIUM 

Constituents 
Total Constituent Analysis-PPM 

Minimum Average Maximum #Detects 
EPToxicityAnalysis -PPM TC #Values 

Minimum Average Maximum #Detects Level InExcess 
Aluminum 
Antimony 
Arsenic 
Barium 
Beryllium 
Boron 
Cadmium 
Chromium 
Cobalt 
Copper 
Iron 
Lead 
Magnesium 
Manganese 
Mercury 
Molybdenum 
Nickel 
Selenium 
Silver 
Thallium 
Vanadium 
Zinc 
Sulfate 
Fluoride 
Chloride 
pH* 
Organics (TOC) 

1110 1110 1110 1/1 
64.60 64.60 64.60 1/1 
5.00 5.00 5.00 0/1 
5.00 5.00 5.00 0/1 

180.00 262.80 320.00 5/5 
- - - 0/0 

0.50 0.50 0.50 0/1 
5.00 5.00 5.00 0/1 
5.00 5.00 5.00 0/1 
5.00 5.00 5.00 0/1 

28000 47300 66600 2/2 
26.50 26.50 26.50 1/1 
15.80 15.80 15.80 1/1 
5.00 5.00 5.00 0/1 

0.1300 0.1300 0.1300 1/1 
10.70 10.70 10.70 1/1 
5.00 5.00 5.00 0/1 

12.80 12.80 12.80 1/1 
5.00 5.00 5.00 0/1 

25.00 25.00 25.00 0/1 
5.00 5.00 5.00 0/1 

28.30 28.30 28.30 1/1 
8030 8030 8030 1/1 
7.00 7.00 7.00 1/1 

- - - 0/0 
3.00 3.08 3.15 2/2 

475.00 475.00 475.00 1/1 

54.10 54.10 54.10 1/1 - -
0.12 0.12 0.12 1/1 - -
0.05 0.05 0.05 0/1 5.0 0 
0.10 0.10 0.10 1/1 100.0 0 

34.80 34.80 34.80 1/1 - -
- - - 0/0 

0.02 0.02 0.02 1/1 1.0 0 
0.05 0.05 0.05 0/1 5.0 0 
0.05 0.05 0.05 0/1 - -
0.11 0.11 0.11 1/1 - -
3.21 3.21 3.21 1/1 - -
0.03 0.03 0.03 1/2 5.0 0 
3.21 3.21 3.21 2/2 - -
0.13 0.13 0.13 1/1 - -

0.0001 0.0001 0.0001 0/1 0.2 0 
0.05 0.05 0.05 0/1 - -
0.05 0.05 0.05 0/1 - -
0.05 0.05 0.05 0/1 1.0 0 
0.05 0.05 0.05 0/1 5.0 0 
0.25 0.25 0.25 0/1 - 0 
0.05 0.05 0.05 0/1 - 0 
1.60 1.60 1.60 1/1 - -

- -
- -
- -

2<pH>12 0 
- -

Non-detects wereassumed tobe present at 1/2 thedetection limit. TCLPdata arecurrently unavailable; therefore, only EPdata are presented. 



SUMMARYOFEPA/ORD, 3007, AND RTI SAMPLINGDATA-BARREN FILTRATE-BERYLLIUM 

Constituents 
Total Constituent Analysis-PPM 

Minimum Average Maximum #Detects 
EPToxicity Analysis -PPM TC #Values 

Minimum Average Maximum #Detects Level InExcess 
Aluminum 
Antimony 
Arsenic 
Barium 
Beryllium 
Boron 
Cadmium 
Chromium 
Cobalt 
Copper 
Iron 
Lead 
Magnesium 
Manganese 
Mercury 
Molybdenum 
Nickel 
Selenium 
Silver 
Thallium 
Vanadium 
Zinc 
Sulfate 
Fluoride 
Chloride 
pH* 
Organics (TOC) 

0.30 579.88 2,290.00 4/4 
1.35 3.18 5.00 1/2 
0.05 2.53 5.00 0/2 
0.05 2.53 5.00 0/2 
7.90 48.04 76.30 5/5 

- - - 0/0 
0.03 0.26 0.50 1/2 
0.05 2.53 5.00 0/2 
0.05 2.53 5.00 0/2 
0.10 2.55 5.00 1/2 
0.20 222.13 886.00 4/4 
0.03 7.56 15.10 1/2 
2.72 516.36 1,030.00 2/2 
0.05 101.03 202.00 1/1 

0.0001 0.0251 0.0500 0/2 
0.05 2.53 5.00 0/2 
0.05 2.53 5.00 0/2 
0.05 2.53 5.00 0/2 
0.05 2.53 5.00 0/2 
0.25 12.63 25.00 0/2 
0.05 2.53 5.00 0/2 
0.76 57.38 114.00 2/2 

710.00 14,705.00 28,700.00 2/2 
81.00 121.00 161.00 2/2 

175.00 178.50 182.00 2/2 
9.00 9.38 9.60 4/4 

370.00 1,405.00 2,440.00 2/2 

14.70 293.85 573.00 2/2 - -
0.79 0.90 1.00 2/2 - -
0.05 0.53 1.00 1/2 5.0 0 
0.15 0.58 1.00 2/2 100.0 0 
2.66 15.03 27.40 2/2 - -

- - - 0/0 - -
0.02 0.06 0.10 2/2 1.0 0 
0.05 0.53 1.00 1/2 5.0 0 
0.05 0.53 1.00 1/2 - -
0.05 0.53 1.00 1/2 - -
0.34 108.67 217.00 2/2 - -
0.03 0.27 0.52 1/2 5.0 0 
2.48 147.74 293.00 2/2 - -
0.05 6.63 13.20 1/2 - -

0.0001 0.0002 0.0002 1/2 0.2 0 
0.05 0.53 1.00 1/2 - -
0.05 0.53 1.00 1/2 - -
0.05 0.53 1.00 1/2 1.0 1 
0.05 0.53 1.00 1/2 5.0 0 
0.25 2.63 5.00 1/2 - -
0.05 0.53 1.00 1/2 - -
0.78 13.29 25.80 2/2 - -

- -
- -
- -

2<pH>12 0 
- -

Non-detectswereassumed tobepresent at 1/2 the detection limit. TCLPdataare currentlyunavailable; therefore, only EPdata arepresented. 



SUMMARY OF EPA/ORD, 3007, AND RTI SAMPLING DATA - BERYLLIUM HYDROXIDE SUPERNATANT RAW WASTEWATER - BERYLLIUM 

Constituents 
Total Constituent Analysis - PPM 

Minimum Average Maximum # Detects 
EP Toxicity Analysis - PPM TC # Values 

Minimum Average Maximum # Detects Level In Excess 
Aluminum 
Antimony 
Arsenic 
Barium 
Beryllium 
Boron 
Cadmium 
Chromium 
Cobalt 
Copper 
Iron 
Lead 
Magnesium 
Manganese 
Mercury 
Molybdenum 
Nickel 
Selenium 
Silver 
Thallium 
Vanadium 
Zinc 
Cyanide 
Sulfide 
Sulfate 
Fluoride 
Phosphate 
Silica 
Chloride 
TSS 
pH * 
Organics (TOC) 

- - - 0/0 
0.003 0.003 0.003 1/1 
0.003 0.003 0.003 1/1 

- - - 0/0 
12 12 12 1/1 

- - - 0/0 
0.004 0.004 0.004 1/1 

0.11 0.11 0.11 1/1 
- - - 0/0 

1.4 1.4 1.4 1/1 
- - - 0/0 

0.168 0.168 0.168 1/1 
- - - 0/0 
- - - 0/0 

0.0002 0.0002 0.0002 0/0 
- - - 0/0 

0.12 0.12 0.12 1/1 
0.003 0.003 0.003 1/1 

0.32 0.32 0.32 1/1 
0.002 0.002 0.002 1/1 

- - - 0/0 
0.19 0.19 0.19 1/1 

- - - 0/0 
- - - 0/0 
- - - 0/0 
- - - 0/0 
- - - 0/0 
- - - 0/0 
- - - 0/0 
- - - 0/0 
- - - 0/0 
- - - 0/0 

- - - 0/0 - -
- - - 0/0 - -
- - - 0/0 5.0 0 
- - - 0/0 100.0 0 
- - - 0/0 - -
- - - 0/0 - -
- - - 0/0 1.0 0 
- - - 0/0 5.0 0 
- - - 0/0 - -
- - - 0/0 - -
- - - 0/0 - -
- - - 0/0 5.0 0 
- - - 0/0 - -
- - - 0/0 - -
- - - 0/0 0.2 0 
- - - 0/0 - -
- - - 0/0 - -
- - - 0/0 1.0 0 
- - - 0/0 5.0 0 
- - - 0/0 - -
- - - 0/0 - -
- - - 0/0 - -
- - - 0/0 - -
- - - 0/0 - -
- - - 0/0 - -
- - - 0/0 - -
- - - 0/0 - -
- - - 0/0 - -
- - - 0/0 - -
- - - 0/0 - -

2<pH>12 0 
- -

Non-detects were assumed to be present at 1/2 the detection limit. TCLP data are currently unavailable; therefore, only EP data are presented. 



SUMMARYOFEPA/ORD, 3007, AND RTI SAMPLINGDATA-PROCESSWASTEWATER-BERYLLIUM 

Constituents 
Total Constituent Analysis-PPM 

Minimum Average Maximum #Detects 
EPToxicity Analysis -PPM TC #Values 

Minimum Average Maximum #Detects Level InExcess 
Aluminum 
Antimony 
Arsenic 
Barium 
Beryllium 
Boron 
Cadmium 
Chromium 
Cobalt 
Copper 
Iron 
Lead 
Magnesium 
Manganese 
Mercury 
Molybdenum 
Nickel 
Selenium 
Silver 
Thallium 
Vanadium 
Zinc 
Sulfate 
Fluoride 
Chloride 
pH* 
Organics (TOC) 

0.30 579.88 2,290.00 4/4 
1.35 3.18 5.00 1/2 
0.05 2.53 5.00 0/2 
0.05 2.53 5.00 0/2 
7.90 48.04 76.30 5/5 

- - - 0/0 
0.03 0.26 0.50 1/2 
0.05 2.53 5.00 0/2 
0.05 2.53 5.00 0/2 
0.10 2.55 5.00 1/2 
0.20 222.13 886.00 4/4 
0.03 7.56 15.10 1/2 
2.72 516.36 1,030.00 2/2 
0.05 101.03 202.00 1/1 

0.0001 0.0251 0.0500 0/2 
0.05 2.53 5.00 0/2 
0.05 2.53 5.00 0/2 
0.05 2.53 5.00 0/2 
0.05 2.53 5.00 0/2 
0.25 12.63 25.00 0/2 
0.05 2.53 5.00 0/2 
0.76 57.38 114.00 2/2 

710.00 14,705.00 28,700.00 2/2 
81.00 121.00 161.00 2/2 

175.00 178.50 182.00 2/2 
9.00 9.38 9.60 4/4 

370.00 1,405.00 2,440.00 2/2 

14.70 293.85 573.00 2/2 - -
0.79 0.90 1.00 2/2 - -
0.05 0.53 1.00 1/2 5.0 0 
0.15 0.58 1.00 2/2 100.0 0 
2.66 15.03 27.40 2/2 - -

- - - 0/0 - -
0.02 0.06 0.10 2/2 1.0 0 
0.05 0.53 1.00 1/2 5.0 0 
0.05 0.53 1.00 1/2 - -
0.05 0.53 1.00 1/2 - -
0.34 108.67 217.00 2/2 - -
0.03 0.27 0.52 1/2 5.0 0 
2.48 147.74 293.00 2/2 - -
0.05 6.63 13.20 1/2 - -

0.0001 0.0002 0.0002 1/2 0.2 0 
0.05 0.53 1.00 1/2 - -
0.05 0.53 1.00 1/2 - -
0.05 0.53 1.00 1/2 1.0 1 
0.05 0.53 1.00 1/2 5.0 0 
0.25 2.63 5.00 1/2 - -
0.05 0.53 1.00 1/2 - -
0.78 13.29 25.80 2/2 - -

- -
- -
- -

2<pH>12 0 
- -

Non-detectswereassumed tobepresent at 1/2 the detection limit. TCLPdataare currentlyunavailable; therefore, only EPdata arepresented. 



SUMMARY OF EPA/ORD, 3007, AND RTI SAMPLING DATA - PEBBLE PLANT AREA VENT SCRUBBER WATER - BERYLLIUM 

Constituents 
Total Constituent Analysis - PPM 

Minimum Average Maximum # Detects 
EP Toxicity Analysis - PPM TC # Values 

Minimum Average Maximum # Detects Level In Excess 
Aluminum 
Antimony 
Arsenic 
Barium 
Beryllium 
Boron 
Cadmium 
Chromium 
Cobalt 
Copper 
Iron 
Lead 
Magnesium 
Manganese 
Mercury 
Molybdenum 
Nickel 
Selenium 
Silver 
Thallium 
Vanadium 
Zinc 
Cyanide 
Sulfide 
Sulfate 
Fluoride 
Phosphate 
Silica 
Chloride 
TSS 
pH * 
Organics (TOC) 

- - - 0/0 
0.003 0.0030 0.003 2/2 
0.042 0.0510 0.06 2/2 

- - - 0/0 
210 210 210 2/2 

- - - 0/0 
0.033 0.0335 0.034 2/2 
0.093 0.1165 0.14 2/2 

- - - 0/0 
0.5 0.5400 0.58 2/2 

- - - 0/0 
0.168 0.1680 0.168 2/2 

- - - 0/0 
- - - 0/0 

0.0003 0.0004 0.0004 2/2 
- - - 0/0 

0.064 0.0640 0.064 2/2 
0.003 0.0030 0.003 2/2 

0.0005 0.0043 0.008 2/2 
0.002 0.0020 0.002 2/2 

- - - 0/0 
0.096 0.1130 0.13 2/2 

- - - 0/0 
- - - 0/0 
- - - 0/0 
- - - 0/0 
- - - 0/0 
- - - 0/0 
- - - 0/0 
- - - 0/0 
- - - 0/0 
- - - 0/0 

- - - 0/0 - -
- - - 0/0 - -
- - - 0/0 5.0 0 
- - - 0/0 100.0 0 
- - - 0/0 - -
- - - 0/0 - -
- - - 0/0 1.0 0 
- - - 0/0 5.0 0 
- - - 0/0 - -
- - - 0/0 - -
- - - 0/0 - -
- - - 0/0 5.0 0 
- - - 0/0 - -
- - - 0/0 - -
- - - 0/0 0.2 0 
- - - 0/0 - -
- - - 0/0 - -
- - - 0/0 1.0 0 
- - - 0/0 5.0 0 
- - - 0/0 - -
- - - 0/0 - -
- - - 0/0 - -
- - - 0/0 - -
- - - 0/0 - -
- - - 0/0 - -
- - - 0/0 - -
- - - 0/0 - -
- - - 0/0 - -
- - - 0/0 - -
- - - 0/0 - -

2<pH>12 0 
- -

Non-detects were assumed to be present at 1/2 the detection limit.  TCLP data are currently unavailable; therefore, only EP data are presented. 



SUMMARY OF EPA/ORD, 3007, AND RTI SAMPLING DATA - CHIP TREATMENT WASTEWATER - BERYLLIUM 

Constituents 
Total Constituent Analysis - PPM 

Minimum Average Maximum # Detects 
EP Toxicity Analysis - PPM TC # Values 

Minimum Average Maximum # Detects Level In Excess 
Aluminum 
Antimony 
Arsenic 
Barium 
Beryllium 
Boron 
Cadmium 
Chromium 
Cobalt 
Copper 
Iron 
Lead 
Magnesium 
Manganese 
Mercury 
Molybdenum 
Nickel 
Selenium 
Silver 
Thallium 
Vanadium 
Zinc 
Cyanide 
Sulfide 
Sulfate 
Fluoride 
Phosphate 
Silica 
Chloride 
TSS 
pH * 
Organics (TOC) 

- - - 0/0 
0.003 0.003 0.003 1/1 
0.003 0.003 0.003 1/1 

- - - 0/0 
3300 3300 3300 1/1 

- - - 0/0 
0.063 0.063 0.063 1/1 

7.4 7.4 7.4 1/1 
- - - 0/0 

1.4 1.4 1.4 1/1 
- - - 0/0 

0.2 0.2 0.2 1/1 
- - - 0/0 
- - - 0/0 

0.0002 0.0002 0.0002 1/1 
- - - 0/0 

0.78 0.78 0.78 1/1 
0.003 0.003 0.003 1/1 
0.04 0.04 0.04 1/1 

0.002 0.002 0.002 1/1 
- - - 0/0 

7.2 7.2 7.2 1/1 
- - - 0/0 
- - - 0/0 
- - - 0/0 
- - - 0/0 
- - - 0/0 
- - - 0/0 
- - - 0/0 
- - - 0/0 
- - - 0/0 
- - - 0/0 

- - - 0/0 - -
- - - 0/0 - -
- - - 0/0 5.0 0 
- - - 0/0 100.0 0 
- - - 0/0 - -
- - - 0/0 - -
- - - 0/0 1.0 0 
- - - 0/0 5.0 0 
- - - 0/0 - -
- - - 0/0 - -
- - - 0/0 - -
- - - 0/0 5.0 0 
- - - 0/0 - -
- - - 0/0 - -
- - - 0/0 0.2 0 
- - - 0/0 - -
- - - 0/0 - -
- - - 0/0 1.0 0 
- - - 0/0 5.0 0 
- - - 0/0 - -
- - - 0/0 - -
- - - 0/0 - -
- - - 0/0 - -
- - - 0/0 - -
- - - 0/0 - -
- - - 0/0 - -
- - - 0/0 - -
- - - 0/0 - -
- - - 0/0 - -
- - - 0/0 - -

2<pH>12 0 
- -

Non-detects were assumed to be present at 1/2 the detection limit.  TCLP data are currently unavailable; therefore, only EP data are presented. 



SUMMARY OF EPA/ORD, 3007, AND RTI SAMPLING DATA - SCRUBBER LIQUOR - BERYLLIUM 

Constituents 
Total Constituent Analysis - PPM 

Minimum Average Maximum # Detects 
EP Toxicity Analysis - PPM TC # Values 

Minimum Average Maximum # Detects Level In Excess 
Aluminum 
Antimony 
Arsenic 
Barium 
Beryllium 
Boron 
Cadmium 
Chromium 
Cobalt 
Copper 
Iron 
Lead 
Magnesium 
Manganese 
Mercury 
Molybdenum 
Nickel 
Selenium 
Silver 
Thallium 
Vanadium 
Zinc 
Cyanide 
Sulfide 
Sulfate 
Fluoride 
Phosphate 
Silica 
Chloride 
TSS 
pH * 
Organics (TOC) 

- - - 0/0 
0.003 0.0067 0.015 6/6 
0.003 0.0030 0.003 6/6 

- - - 0/0 
0.49 1.0733 2 6/6 

- - - 0/0 
0.004 0.0073 0.015 6/6 
0.042 0.0675 0.13 6/6 

- - - 0/0 
0.12 0.4100 1.5 6/6 

- - - 0/0 
0.16 0.1667 0.168 6/6 

- - - 0/0 
- - - 0/0 

0.0002 0.0002 0.0002 6/6 
- - - 0/0 

0.019 0.0297 0.043 6/6 
0.003 0.0030 0.003 6/6 
0.024 0.0655 0.1 6/6 
0.002 0.0020 0.002 6/6 

- - - 0/0 
0.039 0.0553 0.087 6/6 

- - - 0/0 
- - - 0/0 
- - - 0/0 
- - - 0/0 
- - - 0/0 
- - - 0/0 
- - - 0/0 
- - - 0/0 
- - - 0/0 
- - - 0/0 

- - - 0/0 - 0 
- - - 0/0 - -
- - - 0/0 5.0 0 
- - - 0/0 100.0 0 
- - - 0/0 - -
- - - 0/0 - -
- - - 0/0 1.0 0 
- - - 0/0 5.0 0 
- - - 0/0 - -
- - - 0/0 - -
- - - 0/0 - -
- - - 0/0 5.0 0 
- - - 0/0 - -
- - - 0/0 - -
- - - 0/0 0.2 0 
- - - 0/0 - -
- - - 0/0 - -
- - - 0/0 1.0 0 
- - - 0/0 5.0 0 
- - - 0/0 - -
- - - 0/0 - -
- - - 0/0 - -
- - - 0/0 - -
- - - 0/0 - -
- - - 0/0 - -
- - - 0/0 - -
- - - 0/0 - -
- - - 0/0 - -
- - - 0/0 - -
- - - 0/0 - -

2<pH>12 0 
- -

Non-detects were assumed to be present at 1/2 the detection limit. TCLP data are currently unavailable; therefore, only EP data are presented. 



BISMUTH 

A. Commodity Summary 

According to the Bureau of Mines, bismuth is produced, as a byproduct of lead refining, at only one facility 
(ASARCO - Omaha, NE). Reported consumption of bismuth was estimated at 1,500 metric tons during 1994 and 40 
companies in the East were responsible for 98 percent of the total bismuth consumption. Bismuth is used primarily 
in the following industries: pharmaceuticals and chemicals (including cosmetics), metallurgical additives, and 
fusible alloys and solder.1 

B. Generalized Process Description 

1. Discussion of Typical Production Processes 

Bismuth is recovered mainly during the smelting of copper and lead ores. Exhibit 1 shows the extraction of 
bismuth-containing dust from copper-based sources. Bismuth-containing dust from copper smelting operations is 
transferred to lead smelting operations for recovery. At lead smelting operations, bismuth is recovered by one of two 
processes: the Betterton-Kroll Process (shown in Exhibit 2) and the Betts Electrolytic Process (shown in Exhibit 3).2 

Bismuth can also be recovered from other bismuth -bearing materials by the process shown in Exhibit 4. Exhibit 5 
presents the flow diagram for the process used to refine the bismuth-lead alloy produced during either the Betterton-
Kroll or the Betts Electrolytic Process. 

2. Generalized Process Flow Diagram 

Betterton-Kroll Process 

As shown in Exhibit 2, the Betterton-Kroll process is based on the formation of high-melting compounds 
such as Ca2Bi2 and Mg3Bi2 that separate from the molten lead bullion bath and can be skimmed off as dross. During 
this process, magnesium and calcium are mixed with the molten lead to form ternary compounds (e.g., CaMg2Bi2). 
The ternary compounds rise to the surface when the lead is cooled to just above its melting point, forming a dross 
containing bismuth, calcium, magnesium, and lead, which is skimmed. Bismuth is recovered by melting the dross in 
a furnace, treating the dross with chlorine or lead chloride to remove the calcium, magnesium, and lead.3  The 
resulting chlorides are skimmed off the molten bismuth as a slag. The addition of air and caustic soda to oxidize any 
remaining impurities forms additional slag which can be disposed in conjunction with the slag from the blast 
furnace.4 

1 Stephen M. Jasinski, "Bismuth," from Mineral Commodity Summaries, U.S. Bureau of Mines, January 1995, p. 30. 

2 "Bismuth," Kirk-Othmer Encyclopedia of Chemical Technology, 4th ed., Vol. IV, 1992, p. 238. 

3 Laurence G. Stevens and C.E.T. White, "Indium and Bismuth," from Metals Handbook Volume 2. Properties and 
Selection: Nonferrous Alloys and Special-Purpose Materials, Tenth ed., 1990, p. 753-754. 

4 U.S. Environmental Protection Agency, Industrial Process Profiles for Environmental Use: Chapter 27, Primary 
Lead Industry, Office of Research and Development, July 1980. 



EXHIBIT 1 

BISMUTH COPPER SOURCES 

(Adapted from: 1988 Final Draft Summary Report of Mineral Industry Processing Wastes, 1988, pp. 2-70 - 2-76.) 
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EXHIBIT  2


BISM UTH  BETTERTO N-KROLL PROCESS


(Adapted  from :  1988 Final  Draft Sum m ary Report of  M ineral  Industry  Processing  W astes,  1988, pp. 2-7- - 2-76.) 

M etallic  Calcium and 
M agnesium 

M olten  Lead Bullion M ixin g 

M olten  Com pound 

C oolin g Process Lead  Bullion 

Dross  Containing  Interm etallic Bism uth,  Calcium ,  M agnesium , and Lead 

Heat Residual  Lead 

Lead-Free Dross 

Chlorine C hlo rinatio n 
M agnesium  and Calcium 

Chlorides 

Bism uth-Lead  Alloy 

R e fining 

Bism uth  M etal 



 Betts Electrolytic Process 

As shown in Exhibit 3, in the Betts Electrolytic Process the lead bullion with impurities is electrolyzed in a 
solution of fluosilicate and free fluosilicic acid with pure lead cathodes. The impurities, including bismuth, are 
retained in the form of a black anode slime. This slime is then scraped from the anode, washed, and partially dried 
prior to processing for bismuth. The recovery of bismuth is only one of several process end-product objectives in the 
treatment of the process residue. The primary objective is the fusion of the dried residues to produce a slag 
containing lead, arsenic, and antimony.5  The slimes are smelted and the resulting metal is cupelled, yielding a slag 
containing bismuth. The cupel slag is reduced and refined.6  One important difference between the Betts process and 
the Betterton-Kroll process is that in the Betterton-Kroll process, the lead bullion is purified prior to mixing with 
calcium and magnesium, while in the Betts process, the impurities are left in the lead bullion.7 

Extraction From Bismuth Bearing Materials 

As shown in Exhibit 4, bismuth also can be extracted from roasted tin concentrates and other bismuth-
bearing materials by leaching with hydrochloric acid. After dilution of the acid leach, bismuth is precipitated as 
bismuth oxychloride. Further purification is achieved by redissolving the bismuth oxychloride in hydrochloric acid. 
The bismuth oxychloride is reprecipitated, dried, and reduced with carbon using soda ash flux to produce crude 
bismuth bullion.8 

Refining 

Exhibit 5 presents one method of bismuth refining in which the bismuth-lead alloy is mixed with caustic 
soda to form a purified metal mix. Zinc is added to the metal mix, which then undergoes Parkes Desilverization, a 
process used to recover gold and silver from softened lead bullion. The zinc combines with the molten bullion to 
form a skim with the gold and copper, which is then removed.  More zinc is then added to form a silver skim layer 
which also is removed. Once the silver and gold are separated, they are sent for further processing and the recovered 
zinc can be recycled. More detailed description of Parkes Desilvering can be found in the description of lead 
processing found elsewhere in this report. 

Following the desilverization process, chlorine is added to the resultant bismuth-bearing material which is 
then heated to 500o C. After heating, the impure bismuth is oxidized with air and caustic soda, producing 99.999 
percent pure bismuth metal. 

3. Identification/Discussion of Novel (or otherwise distinct) Processes 

None Identified. 

4. Beneficiation/Processing Boundary 

The bismuth recovery process starts with materials obtained from the smelting of lead which is a minerals 
processing operation. Therefore, all of the wastes generated in the recovery process are categorized as mineral 
processing wastes. For example, even though leaching is typically considered to be a beneficiation operation, in this 
particular situation where it follows a minerals processing operation, waste from this step is categorized as mineral 

5 Funsho K. Ojebuoboh, "Bismuth-production, properties, and applications," JOM, 44, No. 4, April 1992, p. 47.


6 Laurence G. Stevens and C.E.T. White, 1990, Op. Cit., pp. 753-754.


7 Funsho K. Ojebuoboh, 1992, Op. Cit., p. 47.


8 Ibid.




EXHIBIT 3


BETTS ELECTROLYTIC EXTRACTION


(Adapted from: 1988 Final Draft Summary Report of Mineral Industry Processing Wastes, 1988, pp. 2-70 - 2-76.) 
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EXHIBIT 4


RECOVERY FROM BISMUTH BEARING MATERIALS


(Adapted from: 1988 Final Draft Summary Report of Mineral Industry Processing Wastes, 1988, pp. 2-70 - 2-76.)
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EXHIBIT 5 

BISMUTH REFINING 
(Adapted from: 1988 Final Draft Summary Report of Mineral Industry Processing Wastes, 1988, pp. 2-70 - 2-76.) 
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processing waste. For a description of where the beneficiation/processing boundary occurs for this mineral 
comodity, please see the report for lead presented elsewhere in this background document. 

C. Process Waste Streams 

1. Extraction/Beneficiation Wastes 

Because bismuth is recovered as a byproduct of lead and copper ore production, mining wastes are 
addressed in the descriptions of the initial ore/mineral. For a further description of these wastes see the reports for 
copper and lead presented elsewhere in this background document. 

2. Mineral Processing Wastes 

The extraction methods used to recover bismuth (e.g., leaching, electrolysis) generate wastes including 
waste caustic sodas, electrolytic slimes, and waste acids. In addition, the following wastes are also generated during 
the processes described above. Although no published information regarding waste generation rate or characteristics 
was found, we used the methodology outlined in Appendix A of this report to estimate low, medium, and high 
annual waste generation rates. 

Extraction 

Spent Caustic Soda.  Low, medium, and high annual waste generation rates were estimated as 100 metric 
tons/yr, 6,100 metric tons/yr, and 12,000 metric tons/yr, respectively. We used best engineering judgment to 
determine that this waste stream may be recycled and may exhibit the characteristic of toxicity for lead. This waste 
is classified as a spent material. 

Electrolytic Slimes.  The slimes generated during this process are likely to be reprocessed. Low, medium, 
and high annual waste generation rates were estimated as 0 metric tons/yr, 20 metric tons/yr, and 200 metric tons/yr, 
respectively. We used best engineering judgment to determine that this waste stream may be recycled and may 
exhibit the characteristic of toxicity for lead. This waste is classified as a by-product. 

Waste Acids.  The waste acids generated are likely to be neutralized and discharged with waste water from 
the process. Low, medium, and high annual waste generation rates were estimated as 0 metric tons/yr, 100 metric 
tons/yr, and 200 metric tons/yr, respectively. We used best engineering judgment to determine that this waste stream 
may be partially recycled and may exhibit the characteristic of corrosivity. This waste is classified as a spent 
material. 

Betterton-Kroll Process 

Metal Chloride Residues. Chlorination generates magnesium and calcium chlorides. This waste stream 
has a reported annual waste generation rate of 3,000 metric tons/yr. We used best engineering judgment to 
determine that this waste may exhibit the characteristic of toxicity for lead. 

Slag. The slag produced during this process contains magnesium, lead, and calcium. It is disposed with the 
blast furnace slag. Low, medium, and high annual waste generation rates were estimated as 100 metric tons/yr, 
1,000 metric tons/yr, and 10,000 metric tons/yr, respectively. We used best engineering judgment to determine that 
this waste may exhibit the characteristic of toxicity for lead. 

Betts Electrolytic Process 

Spent Electrolyte. Low, medium, and high annual waste generation rates were estimated as 100 metric 
tons/yr, 6,100 metric tons/yr, and 12,000 metric tons/yr, respectively. We used best engineering judgment to 
determine that this waste may exhibit the characteristic of toxicity for lead. 

Slag.  Slag is generated from carbon reduction as shown in Exhibit 3. 



Extraction From Bismuth-Bearing Materials 

Spent Material.  Existing data and engineering judgment suggest that this material does not exhibit any 
characteristics of hazardous waste. Therefore, the Agency did not evaluate this material further. 

Wastewater.  Existing data and engineering judgment suggest that this material does not exhibit any 
characteristics of hazardous waste. Therefore, the Agency did not evaluate this material further. 

Waste acid solutions.  As shown in Exhibit 4, these wastes are generated when the bismuth oxychloride is 
dissolved in hydrochloric acid. Low, medium, and high annual waste generation rates were estimated as 100 metric 
tons/yr, 6,100 metric tons/yr, and 12,000 metric tons/yr, respectively. We used best engineering judgment to 
determine that this waste may exhibit the characteristic of corrosivity. 

Bismuth Refining 

As shown in Exhibit 5, the following wastes are associated with the bismuth refining process. 

Spent soda solution.  Low, medium, and high annual waste generation rates were estimated as 100 metric 
tons/yr, 6,100 metric tons/yr, and 12,000 metric tons/yr, respectively. We used best engineering judgment to 
determine that this waste stream may be recycled and may exhibit the characteristics of toxicity (lead) and 
corrosivity. This waste is classified as a spent material. 

Excess chlorine.  Low, medium, and high annual waste generation rates were estimated as 100 metric 
tons/yr, 150 metric tons/yr, and 200 metric tons/yr, respectively. We used best engineering judgment to determine 
that this waste may exhibit the characteristics of toxicity (lead) and reactivity. 

Alloy residues.  Low, medium, and high annual waste generation rates were estimated as 100 metric 
tons/yr, 3000 metric tons/yr, and 6000 metric tons/yr, respectively. We used best engineering judgment to determine 
that this waste may exhibit the characteristic of toxicity for lead. 

Lead and Zinc chlorides.  Low, medium, and high annual waste generation rates were estimated as 100 
metric tons/yr, 3000 metric tons/yr, and 6000 metric tons/yr, respectively. We used best engineering judgment to 
determine that this waste may exhibit the characteristic of toxicity for lead. 

D. Non-uniquely Associated Wastes 

Non-uniquely associated and ancillary hazardous wastes may be generated at on-site laboratories, and may 
include used chemicals and liquid samples. Other hazardous wastes may include spent solvents, and acidic tank 
cleaning wastes. Non-hazardous wastes may include tires from trucks and large machinery, sanitary sewage, and 
waste oil other lubricants. 

E. Summary of Comments Received by EPA 

EPA received no comments that address this specific sector. 
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BORON 

A. Commodity Summary 

Borates are defined by industry as any compound that contains or supplies boric oxide. A large number of 
materials contain boric oxide, but the three most common boron containing minerals are borax, ulexite, and 
colemanite.1  Kernite is a metamorphic phase of borax and is an important borax mineral. Borate production in the 
United States in centered mainly in the Mojave Desert in southern California. Borax and kernite are mined by U.S. 
Borax (located in Boron, California) and borate is also recovered from brines pumped from Searles Lake.2  Kernite 
comprises more than one-third of the boron deposit in Boron, California. 

Borax is the most important boron mineral for the borate industry. It crushes freely, and dissolves readily in 
water, and its solubility and rate of solution increase with water temperature. Kernite has a higher B203 content than 
borax, but its excellent cleavage causes it to form fibers that mat and clog handling equipment. Being slowly soluble 
in water, kernite requires autoclaving or pre-refinery hydration for efficient conversion into refined products. It is 
currently used primarily as feed for the boric acid plant located in Boron, California.3  Colemanite is the preferred 
calcium-bearing borate used by the non-sodium fiberglass industry. Although it has low solubility in water, it 
readily dissolves in acid.4 

The major uses of borates include: fiberglass insulation, textile or continuous-filament glass fibers, glass, 
detergents and bleaches, enamels and frits, fertilizers, and fire retardants.5  According to the U.S. Bureau of Mines, 
apparent domestic consumption of boric oxide in 1994 was estimated at 362 thousand metric tons.6 

B. Generalized Process Description 

1. Discussion of Typical Production Processes 

There are two companies that operate borate recovery plants domestically, each using a distinctly different 
borate-containing source. The first plant near Searles Lake recovers borax from natural mineral-rich lake brines. 
The process at Searles Lake involves fractional distillation followed by evaporation. Borax is only one of the 
products recovered there; other products include sodium sulfate, lithium compounds, potash, and other salts. The 
second company, U.S. Borax, mines and processes crude and refined sodium borates, their anhydrous derivatives, 
and anhydrous boric acid at a plant in Boron, California.7 

2. Generalized Process Flow Diagram 

Exhibits 1 through 4 present the process flow diagrams for borate brine extraction and boric acid recovery. 
Exhibit 1 illustrates the processes used to prepare boric acid from ore in Boron, California. Exhibits 2, 3 and 4 
present the methods used at two of the plants involved in the Searles Lake operations to recover borates from the 
brines deposits in California. 

1 Robert B. Kistler and Cahit Helvaci, "Boron and Borates," from Industrial Minerals And Rocks, 1994, p. 171.


2 Ibid.


3 Ibid.


4 Ibid.


5 Ibid., p. 183.


6 Phyllis A. Lyday, "Boron," from Mineral Commodity Summaries, U.S. Bureau of Mines, 1995, pp. 32-33.


7 Phyllis A. Lyday, "Boron," from Minerals Yearbook Volume 1. Metals and Minerals, 1992, p. 249.




Borate Ore Processing 

At the U.S. Borax facility in Boron, California, the ores are selectively mined, crushed, and stockpiled for 
production at two distinct facilities producing sodium borate and boric acid, respectively. 

Sodium Borate Production. The principal ore used in the process, tincal, is soluble in water. After the ore 
is crushed, the tincal is dissolved in water. The resulting insolubles are then separated from the solution and the 
clarified liquor is fed to the crystallizers. Next, the crystals of sodium borate are separated from the weak solution 
which then can be recycled back to the dissolution step. The crystals are dried and can either be sold as borax or 
treated further to produce other borate materials.8  One of the products prepared when the crystals are cooled is 
sodium borate decahydrate. If sodium borate pentahydrate is the desired product, the sodium borate decahydrate can 
be sent to further recrystallization. Anhydrous sodium borate can be produced by thermally dehydrating either the 
sodium borate decahydrate or sodium borate pentahydrate.9  U.S. Borax also produces boric acid from ores, 
discussed below. 

Boric Acid Production. Some of the solid sodium borate ore from the stockpile at the U.S. Borax facility 
is reacted with sulfuric acid and used as feed in the production of boric acid.10  Exhibit 1 presents the process used to 
produce boric acid from the ore stockpile. Clays, sands and other impurities are also present in the ore. After the ore 
is crushed and ground, it is acid digested using sulfuric acid to produce two new compounds, sodium sulfate and 
boric acid. The clay and other insolubles are then removed from the aqueous stream. Rake classifiers separate out 
the larger material, while settling tanks and thickeners are used to remove the finer materials. The stream is then 
filtered further to remove any remaining insoluble materials.  After filtration, the solution is pumped to crystallizers. 
In the crystallizers, the solution is cooled, forming a slurry containing solid boric acid crystals and a boric acid 
solution. Further filtration and centrifugation separate the solid boric acid, which can be dried and packaged for 
sale.11  The remaining liquor can be further evaporated to recover a sodium sulfate co-product. 

Brine Extraction 

Operations at Searles Dry Lake in California involve the recovery of boron from brine deposits at three 
separate facilities: Trona, Argus, and Westend. Not all of these facilities are directly involved with the extraction of 
boron from brines. The Argus facility, for example, only produces soda ash, however, the carbonated liquid from 
this plant is used at the Westend plant. Borates can be recovered from concentrated brines prepared by either of two 
methods: carbonation or evaporation. Exhibit 2 presents the process flow diagrams for the method used at the 
Westend plant. Exhibit 3 presents the liquid-liquid extraction steps used at the Trona plant to process brine prepared 
by evaporation. 

8 U.S. Environmental Protection Agency, "Boron," from  1988 Final Draft Summary Report of Mineral Industry 
Processing Wastes, 1988, pp. 2-77-2-84. 

9 Versar, Inc., "Boron Derivatives," Multi-media Assessment of the Inorganic Chemicals Industry, Prepared for 
U.S. Environmental Protection Agency, August 1980, p. 2-5. 

10 Ibid. 

11 "Comments Regarding Classification of the Boric Acid Production Line at Boron Operation of United States 
Borax & Chemical Corporation," Memorandum and Enclosures from W.W. Cooper, Ph.D., Senior Environmental 
Scientist, U.S. Borax to Mr. Lynn E. Johnson, R.E.H.S., Toxic Substances Control Program. October 3 and 11, 
1991. 



EXHIBIT 1 

BORIC ACID PRODUCTION AT BORON, CALIFORNIA


(Adapted from: 1988 Final Draft Summary Report of Mineral Industry Processing Wastes, 1988, pp. 2-77 - 2-84.)
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Westend Plant (Carbonated Liquor).  Carbonation is used at the Argus facility to supersaturate the brine 
solution with sodium bicarbonate. As shown in Exhibit 2, the carbonated liquor from this facility is used in 
combination with the brine solution at the Westend facility. The Westend facility produces anhydrous sodium 
borate, sodium borate pentahydrate, sodium borate decahydrate, boric acid, sodium sulfate, and sodium bicarbonate. 
At the Westend plant, after the sodium bicarbonate has precipitated out, the brine and carbonated liquor mixture is 
cooled to crystallize sodium borate decahydrate. The crude sodium decahydrate is filtered out from the liquor, 
which can be sent for further processing to the sulfate plant. The crude sodium borate decahydrate is then either 
heated to its melting point to remove hydrated water, thus producing anhydrous sodium borate, which can either be 
packaged and sold or sent to further processing or, acid digested using sulfuric acid to produce boric acid. Although 
not shown in the Exhibit 2, the sodium borate decahydrate can be redissolved and hydrated and then cooled to form 
either sodium borate decahydrate or sodium borate pentahydrate. If the anhydrous sodium borate is reacted with 
sulfuric acid instead, the resulting product is boric acid.12 

Trona Plant (Evaporated Brine). Evaporation processes are used in the Searles Lake operations to 
remove sodium chloride from the brine and to concentrate other desired constituents of the brine prior to further 
processing. The brine is pumped initially to solar evaporation ponds and concentrated. As the brine is evaporated, 
the sodium chloride concentration increases until the NaCl crystallizes out of solution. In addition, during the 
evaporation process, a rapid, controlled cooling selectively crystallizes various other salts including sodium 
bicarbonate and sodium sulfate. The concentrated brine from the evaporation ponds is then sent to the Trona plant 
for use as brine feedstock.13 

Liquid-Liquid Extraction. The Trona facility uses a proprietary liquid-liquid extraction process to remove 
borate compounds from the brine (Exhibit 3). Specifically, during the process the brine is mixed with a chelating 
agent in a kerosene solution to remove the borates from the brine. Brine is pumped to the plant and emulsified. The 
emulsion is sent to a settling tank and through an API separator to break the emulsion and the extractant from the 
brine. The spent brine is returned to Searles Lake. The extractant is then combined with dilute sulfuric acid to 
convert the sodium borate to boric acid. This step produces a strip liquor containing boric acid, sodium sulfate, 
potassium sulfate, and sodium chloride. The strip liquor is then sent to a carbon filtration column to remove any 
remaining organic fractions. The filtered liquor is vacuum cooled in a boric acid crystallizer. The resulting boric 
acid crystals are centrifuged to separate them from the liquor, washed, dried, and packaged for sale. The resulting 
"mother liquor" is vacuum cooled further to crystallize the mixed sulfates, which are centrifuged to form a sulfate 
cake and sent to a potash production line.14 

Potash/Borax Line. The potash/borax line is part of the Trona plant that produces pentahydrate borax, 
anhydrous borax, potassium chloride (potash), and potassium sulfates. As shown in Exhibit 4, brine is pumped to 
the plant from the evaporation ponds and sent to further evaporation. Following the evaporation, some of the 
concentrated brine is fed to tanks and vacuum cooled. Following this, the resultant halite is slurried, filtered, 
washed, and sent back to Searles Lake with the spent liquor. After the drying step, the solution is cooled and the 
potassium chloride that precipitates out can be sold as a product. The remaining brine is mixed with the sulfate cake 
from the liquid-liquid extraction process and potassium sulfate is precipitated. Following the precipitation of 
potassium chloride, the residual solution can be cooled to allow sodium borate pentahydrate to precipitate out from 
the remaining solution. This is then redissolved, hydrated, and filtered, producing dehydrated borax products (i.e., 
sodium borate decahydrate or sodium borate pentahydrate). The decahydrate borax can be further processed by 
heating to remove hydrated water, thus producing anhydrous sodium borate.15  At Searles Lake the same processes 

12 California Department of Toxic Substances Control, "Searles Lake Mining Operation," Memorandum from 
William Soo Hoo, Chief Counsel to Van Housman, Office of Solid Waste, U.S. Environmental Protection Agency, 
August 1, 1991. 

13 Ibid. 

14 Ibid. 

15 Ibid. 



EXHIBIT 2 

BORATE BRINE PROCESSING AT SEARLES LAKE, CALIFORNIA 
WESTEND PLANT (CARBONATED LIQUOR FEEDSTOCK) 

(Adapted from: 1988 Final Draft Summary Report of Mineral Industry Processing Wastes, 1988, pp. 2-77 - 2-84.) 
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EXHIBIT 3 

BORATE BRINE PROCESSING AT SEARLES LAKE, CALIFORNIA 
TRONA PLANT (LIQUID-LIQUID EXTRACTION) 

(Adapted from:  1988 Final Draft Summary Report of Mineral Industry Processing Wastes, 1988, pp. 2-77 - 2-84.) 
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EXHIBIT 4 

PRODUCTION OF POTASH AND BORAX AT SEARLES LAKE, 
CALIFORNIA TRONA PLANT 

(Adapted from:  1988 Final Draft Summary Report of Mineral Industry Processing Wastes, 1988, pp. 2-77 - 2-84.) 
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are also used to produce chemicals including sodium chloride, soda ash, and potassium chloride. These solids are 
precipitated from the brine solution as the solution evaporates.16 

3. Identification/Discussion of Novel (or otherwise distinct) Processes 

None Identified. 

4. Beneficiation/Processing Boundary 

EPA established the criteria for determining which wastes arising from the various mineral production 
sectors come from mineral processing operations and which are from beneficiation activities in the September 1989 
final rule (see 54 Fed. Reg. 36592, 36616 codified at 261.4(b)(7)). In essence, beneficiation operations typically 
serve to separate and concentrate the mineral values from waste material, remove impurities, or prepare the ore for 
further refinement. Beneficiation activities generally do not change the mineral values themselves other than by 
reducing (e.g., crushing or grinding), or enlarging (e.g., pelletizing or briquetting) particle size to facilitate 
processing. A chemical change in the mineral value does not typically occur in beneficiation. 

Mineral processing operations, in contrast, generally follow beneficiation and serve to change the 
concentrated mineral value into a more useful chemical form. This is often done by using heat (e.g., smelting) or 
chemical reactions (e.g., acid digestion, chlorination) to change the chemical composition of the mineral. In contrast 
to beneficiation operations, processing activities often destroy the physical and chemical structure of the incoming 
ore or mineral feedstock such that the materials leaving the operation do not closely resemble those that entered the 
operation. Typically, beneficiation wastes are earthen in character, whereas mineral processing wastes are derived 
from melting or chemical changes. 

EPA approached the problem of determining which operations are beneficiation and which (if any) are 
processing in a step-wise fashion, beginning with relatively straightforward questions and proceeding into more 
detailed examination of unit operations, as necessary. To locate the beneficiation/processing "line" at a given 
facility within this mineral commodity sector, EPA reviewed the detailed process flow diagram(s), as well as 
information on ore type(s), the functional importance of each step in the production sequence, and waste generation 
points and quantities presented above. 

EPA reviewed the processes used to produce sodium borate and boric acid from borate ores (at U.S. Borax) 
and from brines (at Searles Lake) and determined that the beneficiation/mineral processing line is crossed when 
sodium borate is digested using sulfuric acid to produce boric acid and sodium sulfate. Specifically, at the U.S. 
Borax facility, the beneficiation/mineral processing line occurs between the crushing and grinding of the solid 
sodium borate ore and acid digestion with sulfuric acid. At the Searles Lake, Westend Plant, the 
beneficiation/mineral processing line occurs when borax is removed from the crystallizer and reacted with sulfuric 
acid to produce boric acid. At the Searles Lake, Trona Plant, the beneficiation/mineral processing line occurs 
between the liquid/liquid extraction and acidification step. EPA identified these points in the processes as where 
beneficiation ends and mineral processing begins because it is here where a significant chemical change to the 
sodium borate occurs (sodium borate reacts with the sulfuric acid to produce two new chemicals - boric acid and 
sodium sulfate). Therefore, because EPA has determined that all operations following the initial “mineral 
processing” step in the production sequences are also considered mineral processing operations, irrespective of 
whether they involve only techniques otherwise defined as beneficiation, all solid wastes arising from any such 
operation(s) after the initial mineral processing operation are considered mineral processing wastes, rather than 
beneficiation wastes. EPA presents the mineral processing waste streams generated after the beneficiation/ 
processing line in section C.2, along with associated information on waste generation rates, characteristics, and 
management practices for each of these waste streams. 

With regard to the production of potash and borax at the Searles Lake, Trona Plant, EPA determined that all 
of the processes may be classified as extraction or beneficiation activities. As a result, all of the wastes associated 

16 Versar Inc., 1980, Op. Cit., p. 2-7. 



with the production of borates are considered to be extraction or beneficiation wastes and, thus, eligible for the 
Bevill Mining Waste Exclusion. 

C. Process Waste Streams 

1. Extraction/Beneficiation Wastes 

Borate Ore Processing 

Gangue. Gangue solids are generated from the initial dissolution step during the production of sodium 
borate decahydrate. In 1980, these waste were reported as generally inert insolubles, although they contained 0.08 
percent natural arsenic mineral realgar. The solid wastes from ore residues and evaporation wastes were sent to on-
site lined evaporation ponds.17 

Wastewater. Process wastewater from washing contains dissolved borax and other salts may be sent to 
lined evaporation ponds.18 

From Brines 

Spent Solvents, Crud, and Waste Brine.  The brine extraction process generates waste brine and spent 
solvents. The plant extract or crud generated during the recovery of boron from brines at the Trona plant contains 
arsenic and halogens and is ignitable.19 

Particulate Emissions. Particulates generated from drying operations are collected in dry bags and 
recycled. In 1980, the wastes were generated at approximately 14 kg per kkg of product.20 

Boric Acid Production 

Spent Sodium Sulfate. Crystallization produces sodium sulfate.  Existing data and engineering judgment 
suggest that this material does not exhibit any characteristics of hazardous waste. Therefore, the Agency did not 
evaluate this material further. 

2.  Mineral Processing Wastes 

Boric Acid Production 

Spent Clay and Other Insolubles. No information is available. 

Waste Liquor and Underflow Mud. Some of the liquor remaining after the boric acid is filtered off 
contains arsenic. In 1980, one site reported that the arsenic was present as a natural impurity in the ore used to make 
the sodium pentahydrate. Another site reported returning the arsenic-containing wastes to the original subterranean 
brine source. One commenter reported a combined generation rate for waste liquor and mud of 150,000 tons/yr and 
indicated that the TCLP analysis performed for arsenic is consistently well below 5 ppm.21Low, medium, and high 

17 Ibid. 

18 Versar, Inc., 1980, Op. Cit., p. 2-7. 

19 California Department of Toxic Substances Control, Memorandum from William Soo Hoo, Director, to Sylvia 
K. Lowrance, Office of Solid Waste, U.S. Environmental Protection Agency, May 8, 1992. 

20 Versar, Inc., 1980, p. 2-5. 

21  U.S. Borax. Comments submitted in response to the Supplemental Proposed Rule Applying Phase IV Land 
Disposal Restrictions to Newly Identified Mineral Processing Wastes. January 25, 1996. 



annual waste generation rates were estimated as 300 metric tons/yr, 150,000 metric tons/yr, and 300,000 metric 
tons/yr, respectively. We used best engineering judgment to determine that this waste may exhibit the characteristic 
of toxicity for arsenic. This waste is recycled and formerly was classified as a spent material. Existing data and 
engineering judgment suggest that waste liquor and underflow mud material does not exhibit any characteristics of 
hazardous waste. Therefore, the Agency did not evaluate this material further. 

Spent Sodium Sulfate. Crystallization following acid digestion produces sodium sulfate. Existing data 
and engineering judgment suggest that this material does not exhibit any characteristics of hazardous waste. 
Therefore, the Agency did not evaluate this material further. 

D. Non-uniquely Associated Wastes 

There are no non-uniquely associated wastes in this specific sector. However, standard ancillary hazardous 
wastes may be generated at on-site laboratories, and may include used chemicals and liquid samples. Other 
hazardous wastes may include spent solvents, and acidic tank cleaning wastes. Non-hazardous wastes may include 
tires from trucks and large machinery, sanitary sewage, and waste oil and other lubricants. 

E. Summary of Comments Received by EPA 

New Factual Information 

One commenter addressed the boron sector report (COMM 86). The commenter provided some technical 
corrections and some specific line edits for the report. These comments have been included, as appropriate, in the 
revised boron sector report. 

Sector-specific Issues 

None. 
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BROMINE (from brines) 

A. Commodity Summary 

Bromine is a member of the halogen family of elements. Elemental bromine is highly reactive and occurs 
in nature only as bromide compounds. Sources of bromide include sea water, subterranean brines, saline lakes, oil 
and gas well brines, and evaporate chloride minerals including halite (NaCl), sylvite (KCl), and carnallite.1  Bromide 
compounds are used in fire retardants, agriculture, petroleum additives (ethylene dibromide is an antiknock additive 
in leaded gasoline), and well drilling fluids. Domestic consumption of bromide was estimated to be 287 million 
kilograms in 1994.2 

According to the U.S. Bureau of Mines, companies in Arkansas and Michigan were responsible for all 
elemental bromine production in 1993. Exhibit 1 presents the names, locations, and types of operations employed by 
the facilities involved in the production of bromine. The Dow Chemical Company (Dow) in Ludington, Michigan is 
not directly involved in the purification of bromine; however, Dow removes bromine from its magnesium brines 
because it is an impurity in their magnesium operation. Dow ships the recovered bromine to the Ethyl Corporation 
in Arkansas to be purified and prepared for sale. 

EXHIBIT 1 

SUMMARY OF BROMINE FACILITIES 

Facility Name Locations Type of Operations 

Dow Chemical Company Ludington, MI Brine extraction prior to production of 
magnesium chloride. 
Corporation for purification.a 

Ethyl Corp. Magnolia, AR Brine Extraction 

Great Lakes Chemical Corp. El Dorado, AR (3 plants) Brine Extraction 

Sent to Ethyl 

a Personal communication between Jocelyn Spielman, ICF Incorporated and Phyllis Lyday, U.S. Bureau of Mines. October 5, 1994. 

B. Generalized Process Description 

1. Discussion of Typical Production Processes 

Commercial bromine production processes involve the oxidation of bromide to bromine, using chlorine as 
the oxidant. Most of the liberated bromine remains dissolved in the brine. The brine is then stripped of bromine and 
the bromine is then recovered from the stripping agent. Further purification by distillation is often a final step in the 
process.3  Exhibits 2 and 3 present the generalized process flow diagrams for the production of bromine and each of 
the steps is described in further detail below. 

2. Generalized Process Flow Diagram 

1 M.J. Wilhelm and K.C. Williams, "Bromine Resources," from Industrial Minerals and Rocks, 1994, 6th ed. p. 187.


2 Phyllis Lyday, "Bromine," Mineral Commodity Summaries, 1995, U.S. Bureau of Mines, p. 34.


3 "Chemicals from Brines," Kirk-Othmer Encyclopedia of Chemical Technology, 4th ed., Vol. IV, 1992, p. 823.




As shown in Exhibits 2 and 3, there are three principal steps involved in the production of bromine from 
brines: (1) skimming and acid stripping; (2) bromine extraction from the aqueous solution; and (3) condensation and 
purification of the bromine. Variations on this production process generally differ in the extraction step.4 

Skimming and Acid Stripping 

Skimming and Hydrocarbon Removal. The first step in bromine recovery is skimming the oil from the 
well brines and removing hydrocarbons. Following the skimming process, the brine solution undergoes acidification 
and stripping with the addition of sulfuric acid. Spent hydrogen sulfate (H2S) is stripped from the solution and sent 
to sodium sulfate (Na2S) recovery. 

Acidification and Chlorination.  Although bromine occurs in the form of bromide in sea water and in 
natural brine deposits containing chloride, additional chlorine may be added to oxidize bromide to bromine. 
Chlorine is used because it has a higher reduction potential than bromine.5  As shown in Exhibit 3, acidification with 
H2SO4 can be part of the recovery process. 

Extraction of Bromine 

Bromine is extracted or stripped from the chlorinated solution using either steam (steaming out) or air 
(blowing out process). Steam is used when the concentration of bromine in the brine is greater than 1,000 ppm. The 
advantage of this method is that bromine can be condensed directly from the steam. Air is used when the bromine 
source is sea water because large volumes of stripping gas would be required, thereby making the use of steam too 
expensive. However, when air is used, bromine must be trapped in an alkaline or reducing solution to concentrate 
it.6 

Steaming Out. As shown in Exhibit 3, brine is pumped to the top of a granite absorption tower filled 
with ceramic packing material. Steam and chlorine are pumped in from the bottom of the tower. The bromine is 
oxidized by the chlorine as it falls through the ceramic material. The chlorine replaces the bromine in the brine and 
the gaseous bromine rises to the top of the tower with the steam, where it is condensed to a liquid.7 

Blowing Out.  Generally, sea water contains bromine as either magnesium bromide or sodium bromide. 
When the source of the bromine is sea water, the blowing out method is used to strip the bromine from the brine. In 
the blowing out method, prior to reaching the tower, raw sea water is acidified with sulfuric acid followed by the 
addition of chlorine. Air is drawn into the base of the tower and rises as the bromine descends. Air containing 
bromine passes to the absorption tower, where the bromine reacts with sulfur dioxide to form hydrogen bromide.8 

4 "Bromine," Kirk-Othmer Encyclopedia of Chemical Technology. 4th ed., Vol. IV, 1992, p. 548.


5 Ibid., pp. 548-549.


6 Ibid.


7 Phyllis Lyday, "Bromine," from Minerals Yearbook Volume 1. Metals and Minerals, 1992, p. 259.


8 Ibid., pp. 259-260.




EXHIBIT 2


BROMINE EXTRACTION FROM WELLS


(Adapted from:  Kirk-Othmer Encyclopedia of Chemical Technology, 1992, pp. 547 - 550.)
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EXHIBIT 3 

STEAMING OUT PROCESS FOR RECOVERY OF BROMINE FROM HIGH 
BROMIDE BRINES 

(Adapted from:  Kirk-Othmer Encyclopedia of Chemical Technology, 1992, pp. 547 - 550.) 
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Condensation and Purification of Bromine 

Following either method of extraction, the brine stream can be separated from the emerging gas stream 
containing free bromine. The gas is then cooled to condense water and bromine. The spent brine from the vapor 
extraction process can be neutralized with the addition of NH4OH and cooled. After removing the ammonia, spent 
brine can either be used in other processes, sent to disposal wells, or returned to the source. 

Condensation. The condensation process varies depending on the extraction process used. After the 
steaming out method, the bromine is condensed directly from the steam. Following the blowing out method, the 
bromine can be separated by adding acid to the extracted solution and distilling with steam. The gaseous stream 
containing bromine can be condensed and purified.9  The liquid resulting from the condensation step is separated and 
the recovered water is recycled back to the absorption tower. 

Purification.  Typically, following condensation the bromine is dried with sulfuric acid and then purified 
by distillation. As shown in Exhibit 2, a 98 percent H2SO4 can be added, resulting in the generation of a spent 
solution containing 70 percent H2SO4. The resultant dry bromine is sent to sale or use. 

3. Identification/Discussion of Novel (or otherwise distinct) Processes 

Recent patents describe a single-stage vacuum and a double-stage vacuum process for bromine recovery 
which modify existing recovery procedures. The single-stage vacuum is similar to the steaming out process, except 
that it is carried out under subatmospheric pressure. The double-stage vacuum re-strips the tail brines from the first 
stripping under greater vacuum. The use of a vacuum in these modified process eliminates the need to heat the brine 
with steam by matching the vapor pressure of the brines. Additional benefits of the vacuum modification include 
increased tower capacity, reduction in chlorine use, and reduction in the amount of lime needed to treat the spent 
brine.10 

4. Beneficiation/Processing Boundary 

EPA does not have enough information on this mineral commodity sector to determine where in the 
production sequence mineral processing begins. 

C. Process Waste Streams 

1. Extraction/Beneficiation Wastes 

Waste Brine.  Waste liquids are generated during the vapor extraction and once these are neutralized and 
cooled they can either be sent to disposal wells or returned to the brine deposit. These spent brines may contain 
ammonia from the neutralizing step. Alternatively, waste brine can also be generated during the steaming out 
process in the form of a hot bromine-free liquor that emerges from the bottom of the tower. This liquor is 
neutralized with lime and discharged to a waste pond.11 

Slimes.  Slimes are generated from the settling step in the steaming out process. 

Water Vapor.  Some chlorine and water vapor are captured at the top of the tower during steaming out. 

9 Ibid., p. 260.


10 "Bromine," Kirk-Othmer Encyclopedia of Chemical Technology, 4th ed., Vol. IV, 1992, p. 550.


11 Phyllis Lyday, 1992, Op. Cit., p. 260.




2. Mineral Processing Wastes 

Bromine is used to make several organic chemical compounds in operations in close proximity to the brine 
extraction process. EPA does not have enough information to determine where in the production sequence mineral 
processing begins. 

D. Non-uniquely Associated Wastes 

Non-uniquely associated and ancillary hazardous wastes may be generated at on-site laboratories, and may 
include used chemicals and liquid samples. Other hazardous wastes may include spent solvents, and acidic tank 
cleaning wastes. Non-hazardous wastes may include tires from trucks and large machinery, sanitary sewage, and 
waste oil other lubricants. 

E. Summary of Comments Received by EPA 

EPA received no comments that address this specific sector. 
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ALUMINA & ALUMINUM

A. Commodity Summ ary

Aluminum, the  third most abunda nt element in the earth's cru st, is usually combine d with silicon and ox ygen in
rock.  Rock that contains high concentrations of aluminum hydroxide minerals is called bauxite.  Although bauxite is,
with rare exceptions, the starting material for the production of aluminum, the industry generally refers to metallurgical
grade alumina ex tracted from bauxite b y the Bayer P rocess, as the ore.  Alu minum is obtained  by electrolysis of this
purified ore.1

 The United States is entirely dependent on foreign sources for metallurgical grade bauxite.  Bauxite imports are
shipped to domestic alumina plants, which produce smelter grade alumina for the primary metal industry.  These alumina
refineries are in Louisiana, Texas, and the U.S. Virgin Islands.2  The United Sta tes must also import alum ina to
supplement this domestic production.  Approximately 95% of the total bauxite consumed in the United States during
1994 was for the production of alumina.  Primary aluminum smelters received 88% of the alumina supply.  Fifteen
companies operate 23 primary aluminum reduction plants.  In 1994, Montana, Oregon, and Washington accounted for
35% of the production; Kentucky, North Carolina, South Carolina, and Tennessee combined to account for 20%; other
States accounted for the remaining 45%.  The United States is both the leading producer and the leading consumer of
primary aluminum metal in the world.  Domestic consumption in 1994 was as follows:  packaging, 30%; transportation,
26%; building, 17%; electrical, 9%; consumer durables, 8%; and other miscellaneous uses, 10%.  The 1994 production of
aluminum was 3,300,000 metric tons while the production capacity was 4,16 3,000 metric tons per year.3  Exhibits 1 and 2
list the names and locations of the domestic alumina and aluminum production plants.  In addition, 1992 production
capacities have been provided in Exhibit 2 for some of the aluminum producers.

EXHIBIT 1

SUMMARY OF ALUMINA PROCESSING FACILITIES

Facility Name Location Process Methods

ALCOA Point Comfort, TX Bayer

Kaiser (1992 alumina prod. was 1.06 mt4) Gramercy, LA Bayer

Martin St. Croix, VI Bayer

Ormet Burnside, LA Bayer

Reynolds Corpus Christi, TX Bayer
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EXHIBIT 2

SUMMARY OF AL U M IN U M  PROCESSING FACILITIES

Facility Name Location Type of
Operations

1992 Production
Capacity 5 
(1000 metric tons)

ALCOA Warrick, IN
Massena, NY
Badin, NC
Alcoa, TN
Rockdale, TX
Wenatchee, WA

Hall-Heroult
Hall-Heroult
Hall-Heroult
Hall-Heroult
Hall-Heroult
Hall-Heroult

Unknown
Unknown
Unknown
Unknown
Unknown
Unknown

ALUMAX Mt. Holly, SC Hall-Heroult 275

Alcan Aluminum Corp. Henderson, KY Hall-Heroult Unknown

Columbia Aluminum Corp. Goldendale, WA Hall-Heroult Unknown

Eastico Frederick, MD Hall-Heroult Unknown

Intalco Ferndale, WA Hall-Heroult Unknown

Kaiser Aluminum Corp. Spokane, WA
Tocoma, WA

Hall-Heroult
Hall-Heroult

Unknown
Unknown

Columbia Falls Aluminum Corp. Columbia Falls, MT Hall-Heroult Unknown

National South Wire Hawesville, KY Hall-Heroult Unknown

Noranda New Madrid, MO Hall-Heroult 215

Northwest The Dalles, OR Hall-Heroult 82

Ormet Hannibal, OR Hall-Heroult Unknown

Ravenswood Ravenswood, WV Hall-Heroult Unknown

Reynolds Massena, NY
Troutdale, OR
Longview, WA

Hall-Heroult
Hall-Heroult
Hall-Heroult

123
121
204

Venalco Vancouver, WA Hall-Heroult Unknown
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B. Generalized Process Description

1. Discussion of Typical Production Processes

Free moisture in crude bauxite, as mined, may range from five to 30 percent.  To produce dry bauxite, most of
the free moisture is removed by heating crude bauxite in rotary drying kilns.  Calcined bauxite is produced by heating
bauxite to reduce to tal volatile matter, including c hemically com bined water, to less tha n one percent.  A pproximately
two tons of crude ore is required to produce one ton of calcined bauxite.

Alumina tri-hydrate is used for the production of the pure aluminum chemicals, high quality refractories, and
other high aluminum products, while aluminum is used for the preparation of the purest aluminum chemicals.  Alumina
and bauxite are the principal raw materials for the production of aluminum chemicals such as aluminum sulfate,
aluminum chloride, aluminum fluoride, sodium aluminate, and aluminum acetate.6

Metallurgical grad e alumina is extracted  from bauxite by  the Bayer proc ess and aluminum  is obtained from this
purified ore by electrolysis via the Hall-Heroult process.  These processes are described below.  Exhibits 3 and 4 present
process flow diagrams for the Bayer process and the Hall-Heroult process.

2.  Generalized Process Flow Diagram

Bayer Process

A process flow  diagram of the Ba yer process is sho wn in Exhibit 3.  T he primary purp ose of a Baye r plant is to
process bauxite to provide pure alumina for the production of aluminum.  All bauxite refineries share five common
process steps:  (1) ore preparation; (2) bauxite digestion; (3) clarification; (4) aluminum hydroxide precipitation; and (5)
calcination to anhydrous alumina.  Additional operations include steam and power generation, heat recovery to minimize
energy consumption, process liquor evaporation to maintain a water balance, impurity removal from process liquor
streams, classification and washing of trihydrate, lime causticization of sodium carbonate to sodium hydroxide, repair and
maintenance of equipment, rehabilitation of residue disposal sites, and quality and process control.  Each step in the
process can be ca rried out in a variety of w ays dependin g upon bauxite p roperties and optimu m economic trad eoffs. 
Each step of the Bayer process is discussed in further detail below.7

Ore Preparation

Bauxite mining processes depend largely on the nature of the ore body.  If the ore is not uniform, contains an
excessive amount of kaolin, or is difficult to handle due to the moisture content, blending operations, physical
beneficiation, and bauxite drying are used.  Grinding is designed to produce feed material small enough to ensure easy
alumina extraction, y et coarse enough  to avoid clarification prob lems with bauxite re sidue.  Uniform, co nsistent, easily
digested bauxite slurry  is formed by blen ding properly g round bauxite slurry  in slurry storage "surg e" tanks prior to
digestion.8

Bauxite Digestion

Digestion extracts an d solubilizes the availab le aluminum min eral from the bauxite.  In  digestion, which is
performed in steel vessels, autoclaves, or tubular reactors, hot spent liquor reacts with the aluminum minerals in the
bauxite to form soluble sodium aluminate.  Virtually all the other constituents are rejected as undissolved solids.  Other
important reactions that occur in digestion are desilication, causticization of liquor, and precipitation of impurities.  The
reactive silica in bauxite, such as that in kaolin, reacts with the caustic solution to form soluble sodium silicate, which
then reacts at digester temperature to form an insoluble sodium aluminum silicate known as "desilication product." 
Causticization, the rea ction of hydrated  lime with sodium c arbonate to regen erate sodium hy droxide and prec ipitate
calcium carbonate, is an important part of the Bayer process chemistry.  Na2CO3 is formed in Bay er liquors by caus tic
degradation of the organics in bauxite and by absorption of carbon dioxide during exposure of process liquors to the
atmosphere.  Although poor lime efficiency and alumina losses during digestion as calcium aluminates have led to the
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practice of "outside" causticization of dilute pregnant liquors in the residue washing area of the plant, digestion lime
additions are still made to control impurities such as phosphorus pentoxide.9 

Clarification

Clarification is necessary  to separate bauxite resid ue solids from the sup ersaturated pregna nt liquor near its
boiling point.  Coarse particles, called sand because of their high silica content, are usually removed by cycloning
followed by washing on sand classifiers prior to disposal.  Iron oxide, silica, and other undigested portions of the ore are
also removed in settling, thickening, and filtration units, and sent to treatment and disposal units.  These wastes are
commonly called red and brown muds; these two wastes  are RCRA special wastes and are not subject to regulation.10  In
most plants, the fine fraction of residue is settled in raking thickeners with the addition of flocculants to improve the
clarity of thickener overflow.  The concentrated thickener underflow is washed before disposal in countercurrent
decantation washers, on vacuum drum-type filters, or a combination of both.  Thickener overflow is filtered to remove the
final traces of solids and ensure product purity.  Kelly-type pressure filters are most widely used, but some plants use
sand filters in which the liquor is filtered by gravity through a bed of properly sized sand.  Filtered solids are removed
from filter press cloth by hosing and are elutriated from the sand by backwashing.11

Aluminum Hydroxide Precipitation

Precipitation is the heart of the Bayer process where recovery of the Al(OH)3 from process liquor s occurs in
high yield and product quality is controlled.  In 1988, practically all of the hydroxide was obtained by Bayer processing
and 90% of it was calcined to metallurgical grade alumina (Al2O3).  The liquor is usually seeded with fine gibbsite seed
from previous cycles to initiate precipitation.  Precipitation can be continuous or batch.  Modern plants use the continuous
system.  Slurry leaving precipitation is classified into a coarse fraction and one or more fine fractions, usually by
elutriation in hydroc lassifiers.  In smelting grade a lumina plants, the coa rse fraction, called primary  product, is sent to
calcination; the fine fractions, called secondary and tertiary seed, are recycled to be grown to product size.12

Calcination to Anhydrous Alumina

Calcination, the final operation in the Bayer process for production of metallurgical grade alumina, is done
either in rotary kilns or fluid bed stationary calciners.  Prior to calcination, the process liquor is washed from the Al(OH)3

using storage tanks  and horizontal vac uum filters.  During h eating, the trihydrox ide undergoes a s eries of changes in
composition and  crystal structure but esse ntially no change  in particle shape.  The p roduct is a white po wder and con sists
of aggregates of differing sizes.13

Evaporation and Impurity Removal

Evaporation ov er and above tha t obtained in the coolin g areas from flashed  steam is usually requ ired to maintain
a water balance by accounting for the dilution arising from residue and Al(OH)3 washing, free moisture in the ore,
injected steam, purge water, and uncontrolled dilutions.   Evaporation  also serves to concentrate impurities in the liquor
stream such as sodium oxalate (a product of organics degradation) facilitating the removal of impurities.14

Hall-Heroult Process

Reduction
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Since the development of the Hall-Heroult process, nearly all aluminum has been produced by electrolysis of
alumina dissolved in a molten cryolite based bath.  Molten aluminum is deposited on a carbon cathode, which serves also
as the melt container.  Sim ultaneously, oxy gen is deposited on  and consume s the cell's carbon anod es.  The overall all
reaction is15:  

2Al2O3 + 3C 6 4Al + 3 CO2

Cryolite is the primary  constituent of the Ha ll-Heroult cell electrolyte.  B ecause of its rarity and  cost, synthetic
cryolite is substituted.  Synthetic cryolite is manufactured by reacting hydrofluoric acid with sodium aluminate from the
Bayer process.   Once the smelting process is in operation, no cryolite is needed because cryolite is produced in the
reduction cells by neutralizing the Na2O brought into the  cell as an impurity in the  alumina using alum inum fluoride. 
Thus, the operating cells need aluminum fluoride.  Aluminum fluoride is produced in a fluidized bed by the reaction of
hydrofluoric acid  gas and activated alu mina made by  partially calcining the alu mina hydrate fro m the Bayer p rocess. 
Alumina fluoride is also made by the reaction of fluosilicic acid, a by-product of phosphoric acid production, and
aluminum hy droxide from the B ayer process.  Th e aluminum fluorid e solution is filtered, and A lF3 is precipitated by
heating, then is flash dried  and calcined.  

The equivalen t of 3-4 kg of fluoride pe r metric ton of aluminu m produced is ab sorbed from the b ath into the cell
lining over the lining's 3 to 1 0 year life.  The mo st common me thod of recovery  treats the crushed lining u sing dilute
NaOH to dissolve the cryolite and other fluorides.  The solution is filtered and Na3AlF6 is precipitated by neutralizing the
NaOH using carbon dioxide.  The aluminum industry in the United States uses about 15 kg of fluoride ion per metric ton
aluminum, 10-2 5% of which  is lost.  The remainder, co nsisting of cryolite gen erated in reduction ce lls and of bath in
scrap cell linings, is stored for future use.  New fluoride for the aluminum industry comes largely from fluorspar and
phosphate rock .  



EXHIBIT 3

THE BAYER PROCESS



EXH IBIT 3 (con tinued) 

Picture left out

Source:  Developem ent Docume nt for Effluent Limitations Guidelines  and Standards for the N onferrous Me tals Manufacturing P oint Source Catego ry, Volume 2,
1989.



EXHIBIT 4

THE HALL-HEROULT PROCESS

  Picture left out

Source:  Developem ent Docume nt for Effluent Limitations Guidelines  and Standards for the N onferrous Me tals Manufacturing P oint Source Catego ry, Volume
II, 1989.
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Fluxing and Degassing

The molten aluminum collected in the bottom of the electrolytic pots is tapped and conveyed to holding
furnaces for subsequent refining and alloying.  Refining consists of fluxing to remove impurities and degassing to reduce
entrapped hydrogen gas in the molten aluminum.  These two operations are often performed prior to casting.  Degassing
is performed by injecting chlorine, nitrogen, argon, helium, and mixtures of chlorine and inert gases into the molten
aluminum.  Hydrogen desorbs into the chlorine bubble due to the partial pressure difference between the elements.  The
addition of a gas to the m elt also mixes the aluminum to assure that all materials added concurrently for alloying are
distributed evenly  in the molten aluminu m.  Chlorine gas rea cts with trace elemen t impurities to form insolub le salt
particles.  These salt particles a nd the metal oxide im purities rise to the surface of th e molten bath throu gh specific
gravity differences and flotation, respectively.  The impurities collect at the surface of the molten metal and are skimmed
and removed from the furnace.16 

Casting

Casting is generally the final step at most aluminum reduction plants.  The most common methods for casting
include:  pig and sow  casting, direct chill casting, co ntinuous rod casting , and shot casting.  

Stationary casting  is used to cast pigs and sows (ingots).  In this method of casting, the molds are stationary and
the contact cooling water (if used) generally evaporates.17

There are two methods of direct chill casting, vertical and horizonta l.  Vertical direct chill casting is
characterized by continuous solidification of the metal while it is being poured.  The length of the ingot or billet cast
using this method is determined by the vertical distance it is allowed to drop rather than by mold dimensions.  Molten
aluminum is tapped from the smelting furnace and flows through a distributor channel into a shallow mold.  Noncontact
cooling water circulates within this mold, causing solidification of the aluminum.  As the solidified aluminum leaves the
mold, it is sprayed with contact cooling water to reduce the temperature of the forming ingot or billet.  The cylinder
descends into a tan k of water, causing  further cooling of alum inum as it is immersed.  W hen the cylinder re aches its
lowest position, pou ring stops, the ingot is rem oved, and the pro cess is repeated to create  another ingot.  Ho rizontal chill
casting is performed  in much the same  manner as vertical ch ill casting.  The main differe nce is that the cast alumin um is
conveyed from the mold in the horizontal direction rather than vertically.18

In continuous rod casting, a ring mold is fitted into the ed ge of a rotating casting w heel.  Molten alum inum is
then poured into the mold and cools as the mold assembly rotates.  After the wheel has rotated about 160 degrees, the
pliable aluminum bar is released.  Immediately following release from casting, the rod is transported on conveyers to a
rolling mill where the diameter of the rod is reduced.19

In shot casting, aluminum shot is used as a deoxidant.  Molten metal is poured into a vibrating feeder, where
droplets of molten metal are formed through perforated openings.  The droplets are cooled in a quench tank.20

Anode Paste Plant

Fabrication of anodes takes place in the anode paste plant where coal tar pitch and ground petroleum coke are
blended togethe r to form paste.  During  electrolysis, the prebak ed anode is gradu ally consumed  and becomes to o short to
be effective.  The resulting anode "butts" are recycled for use in the paste plant.  Operations in the paste plant include
crushing, screening, calcining, grinding, and mixing.  The paste is then formed into briquettes or into green prebaked
anodes.  In this stage, briquettes and green anodes are essentially the same, differing only in size.  Briquettes are formed
through an extrus ion process in wh ich the paste is forced thro ugh a die and then  chopped into sm all pieces using a dicer. 
Green anodes, which are much larger than briquettes, are formed by pressing paste into a mold.  Vibration may also be
used.  After forming , cooling water is used  to quench the briqu ette or anodes to facilitate ha ndling.  
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Anode Bake Plant

Anodes used  in prebaked potline  cells are baked prior to th eir use in the potline.  Tw o basic furnaces are  used to
bake anodes, ring furnaces and tunnel kilns.  In the ring furnace, green anodes are packed into pits with a blanket of coke
or anthracite filling the space between the anode blocks and the walls of the pits.  A blanket of calcined petroleum coke
also fills the top of each pit above the top layer of anodes to help prevent oxidation of the carbon anodes.

Each pit is baked for a period of about 40-48 hours.  The flue system of the furnace is arranged so that hot gas
from the pits being baked is drawn through the next section of pits to gradually preheat the next batch of anodes before
they are baked.  Air for combustion is drawn through the sections previously baked, cooling them.  The bake d anodes are
then stripped from the furnace pits.

In the tunnel kiln, a controlled atmosphere is maintained to prevent oxidation of the carbon anodes.  Green
anode blocks are loaded on transporter units that enter the kiln through an air lock, pass successively through a preheating
zone, a baking zone, and a cooling zone, and leave the kiln through a second air lock.  The refractory beds of the cars are
sealed mechanically to the kiln walls to form the muffle chamber and permit movement of the units through the kiln.  The
muffle chamber is externally heated by combustion gases and the products of combustion are discharged through an
independent stack system.  Effluent gases from the baking anodes may be introduced into the fire box so as to recover the
fuel value of hydrocarbons and reduce the quantity of unburned hy drocarbons.   Baked anodes are delivered to air blast
cleaning machines using fine coke as blasting grit.  Fins, scrafs, and adherent packing are removed by this treatment, and
the baked anodes are then transferred to the rod shop where the electrodes are attached.21

3.  Identification/Discussion of Novel (or otherwise distinct) Process(es)

Spent potliner wastes (SPL) from aluminum reduction have become on e of the aluminum industry's biggest
environmental co ncerns.  Reyn olds developed  a process for detoxify ing SPL in wh ich the SPL w as blended with
limestone and an antiagglomeration agent and thermally treated in a rotary kiln.  The process is successful in destroying
cyanides and reduced the concentration of soluble fluorides in the kiln residue.  The cyanides are destroyed by oxidation
and the majority  of soluble fluoride salts are c onverted to stable, inso luble calcium fluoride  by reaction with lim estone. 
The process was developed and utilized for more than 2 years on an industrial scale at Reynolds' idled Hurricane Creek
Alumina Plant in Bauxite, AR.  More than 300,000 tons of SPL reportedly were treated successfully during this period.22 
In fact, Reynolds received a RCRA delisting variance for this waste stream.

An alternative treatm ent known as th e COMT OR process w as developed at C omalco's Resea rch Center in
Melbourne, Australia.  The process has three stages--feed preparation, calcination, and fluoride recovery.  Crushing the
SPL before treatment reportedly improved the rate and quality of the detoxification process.  The COMT OR process
utilized a new type of calciner, known as a Torbed.  Calcination reportedly was the most effective method for reducing
the leachable cyanide content of the SPL.  Ash treatment recovered the fluoride values for recycling directly to the
electrolytic cell.  Once  the cyanide w as destroyed an d the fluorides either reco vered or stabilized, the res idue reportedly
passed the standard leach tests and was no longer considered toxic.23

The Florida Institute of Phosphate Research (FIPR) reportedly has developed a dewatering process that may
achieve promising results on red mud waste streams from the Bayer process operations.  The FIPR process consists of
adding pulp fibers with a polyacrylamide flocculent.  The fibers assist in the formation of large flocs that have the
physical stability to withstand normal industrial dewatering techniques.24

Biological methods of converting sodium oxalate, generated from the Bayer process production of alumina,
have been tested.  The use of micro-organisms to dispose of sodium oxalate was said to be far simpler and cheaper than
the currently emp loyed burning  and landfilling metho ds of disposal.25

Research on carbon removal from Bayer liquors has also been studied.  Manganese dioxide treatment also was
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found to cause a b eneficial decrease in the  soda content of the a lumina and that a sm all reduction in the total orga nic
carbon levels with this treatment also may be significant in improving the viscosity of the liquor.26  

4.  Beneficiation/Processing Boundaries

EPA established the criteria for determining which wastes arising from the various mineral production sectors
come from min eral processing ope rations and which  are from beneficiation  activities in the Septemb er 1989 final rule
(see 54 Fed. Re g. 36592, 3661 6 codified at 261.4(b )(7)).  In essence, bene ficiation operations typ ically serve to separa te
and concentrate th e mineral values from  waste material, remo ve impurities, or prepa re the ore for further refinem ent. 
Beneficiation activities generally do not change the mineral values themselves other than by reducing (e.g., crushing or
grinding), or enlarging (e.g., pelletizing or briquetting) particle size to facilitate processing.  A chemical change in the
mineral value does not typically occur in beneficiation.

Mineral processing operations, in contrast, generally follow beneficiation and serve to change the concentrated
mineral value into a more useful chemical form.  This is often done by using heat (e.g., smelting) or chemical reactions
(e.g., acid digestion, chlorination) to change the chemical composition of the mineral.  In contrast to beneficiation
operations, processing activities often destroy the physical and chemical structure of the incoming ore or mineral
feedstock such tha t the materials leaving the o peration do not close ly resemble those  that entered the opera tion. 
Typically, beneficiation wastes are earthen in character, whereas mineral processing wastes are derived from melting or
chemical changes.

EPA approached the problem of determining w hich operations are beneficiation and which (if any) are
processing in a step-wise fashion, beginning with relatively straightforward questions and proceeding into more detailed
examination of un it operations, as necessa ry.  To locate the be neficiation/processing  "line" at a given facility w ithin this
mineral commodity sector, EPA reviewed the detailed process flow diagram(s), as well as information on ore type(s), the
functional importance of each step in the production sequence, and waste generation points and quantities presented
above in Section B.

EPA determined that for this specific mineral commodity sector, the beneficiation/processing line occurs
between bauxite ore preparation and bauxite digestion because the bauxite ore is vigorously attacked (digested) by a
strong chemical agent, thereby destroying the physical structure of the mineral, to produce sodium aluminate.  Therefore,
because EPA has determined that all operations following the initial "processing" step in the production sequence are also
considered processing operations, irrespective of whether they involve only techniques otherwise defined as
beneficiation, all solid wastes arising from any such operation(s) after the initial mineral processing operation are
considered mineral processing wastes, rather than beneficiation wastes.  EPA presents below the mineral processing
waste streams generated after the beneficiation/processing line, along with associated information on waste generation
rates, characteristics, and management practices for each of these waste streams.

C. Process Waste Streams 

Cooling tower blowdown was generated at a rate of 8,000 metric tons per year in 1991.27  Since this waste
stream is non-uniquely associated, the Agency did not evaluate it further.

1. Extraction/Beneficiation Wastes

Water softener sludge.  The 1991 total w aste volume gen eration rate for this waste stre am was 2,000  metric
tons per year.28  Since this waste is not a mineral processing waste, the Agency did not evaluate it further.

2. Mineral Processing Wastes

Alumina Production 

Existing data and engineering judgement suggest that the materials listed below from alumina production do not
exhibit any characteristics of hazardous waste.  Therefore, the Agency did not evaluate these materials further.
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     32  U.S. Environm ental Protection Ag ency, 1992, Op. Cit., pp. I-2 - I-8.

     33  U.S. Environm ental Protection Ag ency, Op. Cit., 1992, pp. I-2 - I-8.

     34  RTI Survey, Kaiser, Gramercy, LA, 1988, ID#  100339.

     35  Ibid.

     36  U.S. Environm ental Protection Ag ency, Op. Cit., 1990, 3-1 - 3-15. 

Evaporator salt waste.  The 1991 total w aste volume gen eration rate for this waste stre am was 2,000  metric
tons per year.29

Bauxite residue.  The 1991 total waste volume generation rate for this waste stream was 137,000 metric tons
per year.30  Lagooning be hind retaining dikes b uilt around clay-lined  ground is comm only used for disp osal of bauxite
residue.  Leaks into aquifers have motivated installation of underdrains between the residue and a clay-sealed, plastic-
lined lake bottom.  A nother method o f disposal is called semid ry disposal, dry-sta cking, or the dryin g field method.   This
method takes advantage of the thixotropic nature of the residue.  The residue is concentrated by vacuum filtration or other
means to 35-50% solids.  Using agitation and/or additives, the viscosity of the concentrated slurry is reduced so it can be
pumped to the disposal area where it flows like lava.  The slurry is call nonsegregating because neither water nor sand
separate from it.  As viscosity increases, the flow stops.  There is no free water on the surface of the impoundment, so the
deposited residue dries and cracks whenever it is not raining.  When the percent solids approaches 70-75%, bulldozers
can work on th e deposit.31  

Waste alumina.  The 1991 total waste volume generation rate for this waste stream was 7,000 metric tons per
year.32

Spent cleaning residue.  The 1991 total w aste volume gen eration rate for this waste stre am was 3,000  metric
tons per year.33

Pisolites.  Kaiser, in Gramercy, LA reported generating 72,920 metric tons of this waste in 1988.  Reportedly,
this waste was eithe r sold for construction o f farm roads or sent to a p isolite storage pile which  is lined with an in-situ
clay barrier.34

Wastewater.  There are four sources of wastewater from bauxite production--(1) digester condensate, (2)
barometric cond enser effluent, (3) carbo nation plant effluent, an d (4) mud impou ndment effluent.  D igester condensate
may be recy cled to product w ash or boiler water.  B arometric conden sate is a good quality , somewhat alka line water. 
Mud impou ndment effluent is rec ycled or discharg ed.  These was tewaters are not exp ected to be hazard ous.  Waste
characterization data are presented in Attachment 1.

Red and brown muds result from the clarification step  of the Bayer pro cess and are RC RA special w astes. 
The 1991 total waste volume generation rate for this waste stream was 2,800,000 metric tons per year.35  The red and
brown muds are routed to large on-site surface impoundments known as red and brown mud lakes.  In these lakes, the red
and brown muds settle to the bottom and the water is removed, treated, and either discharged or reused.  The muds are not
removed, but are accumulated and disposed in place.  The muds dry to a solid with a very fine particle size.   The
impoundments that receive the muds typically have a surface area of between 44.6 and 105.3 hectares.  The depth of the
impoundme nts ranges from 1 to 1 6 meters and ave rages 7 meters.  As o f 1988, the quantity  of muds accum ulated on-site
ranged from 500,000 to 22 million metric tons per facility, with an average of 9.7 million metric tons per facility.36

Red and brown muds contain significant amounts of iron, aluminum, silicon, calcium, and sodium.  Red muds
may also contain trace amounts of elements such as barium boron, cadmium, chromium, cobalt, gallium, vanadium,
scandium, and lead, as well as radionuclides.  The types and concentrations of minerals present in the muds depend on
the composition o f the ore and the ope rating conditions in the d igesters.  

Aluminum Production
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APC dust/sludge is a possible waste stream from aluminum production operations including electrolysis,
fluxing, degassing, and anode production.  Emissions may consist of unreacted chlorine and aluminum chloride gas,
aluminum oxide, sulfur, fluoride, hydrocarbons, and organics.37  Existing data and engineering judgement suggest that
this material does not exhibit any characteristics of hazardous waste.  Therefore, the Agency did not evaluate this material
further.

Flue dust.   The 1991 waste generation rate was 39,000 metric tons per year.38  Existing data and engineering
judgement sug gest that this material does n ot exhibit any cha racteristics of hazardou s waste.  Therefore , the Agency  did
not evaluate this material further.

Sweepings.   The 1991 waste generation rate was 23,000 metric tons per year.39  Existing data and engineering
judgement sug gest that this material does n ot exhibit any cha racteristics of hazardou s waste.  Therefore , the Agency  did
not evaluate this material further.

Electrolysis waste.  Electrolysis wastes include fluoride emissions and hydrocarbon fumes.  Both sodium
tetrafluoroaluminate gas and entrained liquid solidify to form fluoride particulates.  Treatment consists of dry scrubbers
that catch particulates and sorb HF on alumina that is subsequently fed to the cells.  Nearly all the fluoride evolved is fed
back into the cell.40  Hydrocarbon fumes are generally disposed of by burning.  This waste is generated at a rate of 58,000
metric tons per year (adjusted from a 1991 reported value to reflect recent changes in the sector) and may be toxic for
lead.41  This waste is classified as a sludge.

Baghouse bags and sp ent plant filters.  The 1991 waste generation rate was 19,000 metric tons per year.42 
Existing data and engineering judgement suggest that this material does not exhibit any characteristics of hazardous
waste.  Therefore, the Agency did not evaluate this material further.

Skims.  The 1991 waste generation rate was 20,000 metric tons per year.  This waste may contain traces of
sodium, calcium, lithium, and aluminum oxide.43  Existing data and engineering judgement suggest that this material does
not exhibit any characteristics of hazardous waste.  Therefore, the Agency did not evaluate this material further.

Discarded Dross.   The 1991 w aste generation rate w as 126,000 me tric tons per year.  This w aste may contain
traces of sodium, calcium, lithium, and aluminum oxide.44  Existing data and en gineering judgem ent suggest that this
material does not exhibit any characteristics of hazardous waste.  Therefore, the Agency did not evaluate this material
further.

Anode prep waste.  The 1991 waste generation rate was 20,000 metric tons per year.45  Existing data and
engineering judgement suggest that this material does not exhibit any characteristics of hazardous waste.  Therefore, the
Agency did not evaluate this material further.

Scrap furnace brick.  The 1991 waste generation rate was 77,000 metric tons per year.46  Existing data and
engineering judgement suggest that this material does not exhibit any characteristics of hazardous waste.  Therefore, the
Agency did not evaluate this material further.
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Cryolite recovery residue.  The 1991 waste generation rate was 30,000 metric tons per year.47  This waste
may contain h igh levels of lead.  Ma nagement of this w aste includes disposa l in an unlined surface  impoundme nt.48 
Existing data and engineering judgement suggest that this material does not exhibit any characteristics of hazardous
waste.  Therefore, the Agency did not evaluate this material further.

Casthouse d ust.  This waste is generated at a rate of 19,000 metric tons per year (adjusted from a 1991
reported value to reflect recent changes in the sector) and may contain toxic levels of cadmium and mercury.49  This
waste may be recycled and is classified as a sludge.  Attachment 1 presents waste characterization data for casthouse
dust.

Spent potliners.  The 1991 waste generation rate was 118,000 metric tons per year. 50  This waste stream may
contain toxic levels of arsenic and selenium as well as detectable levels of cadmium, chromium, barium, lead, mercury,
silver, sulfates, and cyanide.  This waste is generally managed through landfilling, indefinite "storage," or cathode
reprocessing.  Cathode reprocessing serves a hazardous waste treatment function by reducing waste volume, and
incidentally recovering cryolite.  Cathode reprocessing consists of grinding the spent potliners in a ball mill and then
leaching with caustic to solubilize fluoride.  Undigested cathode material is separated from the leachate using
sedimentation and then sent to lagoons.  Sodium aluminate is then added to the leachate to initiate the precipitation of
cryolite and a seco nd solid-liquid separa tion is performed to rec over cryolite, wh ich can be reused  in the electrolytic cell. 
Lime is added to the supernatant to precipitate calcium fluoride and a third solid-liquid separation is performed.  The
resulting supernatant is then routed back to the front of the process and used for leaching.  Blowdown from the system
varies from plant to plant but it is universally used as potline scrubber liquor make-up when wet potline scrubbers are
used.  It is also common to route potline scrubber liquor through the cathode reprocessing circuit.  In this way, fluoride
concentrations of the scrubber liquor are controlled and recycling is possible.  Spent potliners are listed wastes, KO88.

Sludge.  This waste is gene rated at a rate of 80,000  metric tons per yea r (adjusted from a 19 91 reported value  to
reflect recent change s in the sector).  Mana gement of this wa ste includes disposal in a n unlined surface im poundmen t.51 
Attachment 1 presents waste characterization data for this waste stream.  Existing data and engineering judgement
suggest that this material d oes not exhibit any  characteristics of hazard ous waste.  The refore, the Agenc y did not evaluate
this material further.

Treatme nt plant effluent.   Existing data and en gineering judgem ent suggest that this mate rial does not exhibit
any characteristics o f hazardous wa ste.  Therefore, the A gency did no t evaluate this material furthe r.  Waste
characterization data are presented in Attachment 1.

Miscellaneous wastewater.  Existing data and engineering judgement suggest that this material does not
exhibit any chara cteristics of hazardous  waste.  Therefore , the Agency  did not evaluate this m aterial further.  Waste
characterization data are presented is Attachment 1.

D. Ancillary Hazardous Wastes

Ancillary haza rdous wastes m ay be generate d at on-site laboratories, an d may include  used chemicals an d liquid
samples.  Other hazardous wastes may include spent solvents (e.g., petroleum naptha), acidic tank cleaning wastes, and
polychlorinated biphenyls from electrical transformers and capacitors.  Non-hazardous wastes may include tires from
trucks and large machinery, sanitary sewage,  waste oil (which may or may  not be hazardous), and other lubricants.
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Texas Commission on Environme ntal Quali ty
Water Quality Assessment Team Me-150
P.O. Box 13087
Austin, Texas 787 11-3087
ATIN: April Hoh, TCEQ Geologist for Water Quality Assessment Team

R E: Sherwin Alumina Company, Permit No. \VQ0004788000 )
G roundwater Monitoring and Sampling Anal ysis Plan
CN 600669071; RN 104914 312

Dear Ms. Hoh:

At this time Naismith Engineering, Inc. (NEO is submitting on behalf of their client,
Sherwin Alumina Company (SAC) the Groundwater Monitoring and Sampling Analys is
Plan required by the above mentioned permit.

As required by the permit, SAC will not ini tiate the groundwater monitoring plan until it
has received approval from the TCEQ Water Quality Assessment Team. Should you
have any questions or concerns regardi ng this Groundwater Monitoring and Sampling
Analysis Plan please contact Terald Smith, NEI or Tom Ballou, SAC for assistance.

Sincerely,
NA ISMITH ENGINEERING, INC.

Theresa Finch, PG, CAPM, CEI
Project Scientist

Cc: David Kennebeck , TCEQ Region 14 Water Section Manager
TCEQ Compliance Monitoring Team, Austin
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Sherwin Alumina Company
Groundwater Monitoring Pan and Sampling Analysis Plan

1.0 GROUNDWATER MONITORING PLAN

1.1 In troduction

This Groundwater Monitoring Plan (GWMP) establishes a system of monitoring
the groundwater at the Sherwin Alumin a Company (SAC), Facility 204, and is
intended to satisfy the Texas Commission on Environmental Quality (TCEQ)
Sludge Permit No. WQ0004788000 (EPA ill TXLOO5013) requirements, issued
on February 6, 2007 by the by the TCEQ Water Quality Assessment Team,
Wastewater Permitting Section, Water Quality Division.

1,2 Objective

The objective of this GWMP is to outline the SAC's program for complying with
the above permit requirements and to protect human health and the environment.
This objective is accomplished by obtaining samples and measurements which are
representative of the same physical and chemical properties as the site
groundwater, and analyzing the samples and measurements to assess potential
impacts from the placement of municipal wastewater and wastewater treatment
plant sludge. The program will be implemented in accordance with the permit
requirements issued:

1.3 Facility Description

The site is located in both Aransas and San Patricio counties. The total size of the
facility is approximately 11,000 acres. There are four (4) bauxite residual beds
located on the facility . They total approximately 3, 149 acres in size.

The facility is located on both the north and south sides of State Highway 188.
Bed 2, closest to the highway is appro ximately 1,141.12 feet from the roadway.
Beds 3 and 4 are bisected by Copano Retreat Road, running along the east side of
Bed 4 and on the west side of Bed 3, the beds are located approximately 1,630.35
feet from the road. The massive size of the four beds is already a feature on
topographical maps of the area.

The site is used for final placement of bauxite residual from processing bauxite
ore to create alumina. Municipal wastewater and sewage sludge from the City of
Aransas Pass Wastewater Treatment Plant and accumulated potable raw water
sediments from the San Patricio Municipal Water District will be piped to the
facility and will be placed on Bed 1 to start revegetation of the area as a part of
closure and post-closure care activities at the facility.

Naismith Engineering, Inc.
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1.4 Groundwater Monitoring 'Veils

Since 1968 twenty-six (26) groundwater monitoring wells have been installed
across the site, three of the wells have been destroyed. Seventeen (17) additional
monitoring/test wells were installed in 2002 by Texas A&M Kingsville graduate
students for a thesis project around Bed 1 and Bed 2 on the property. These
monitoring wells will be used in the gathering of background information for the
site. Groundwater samples will not be collected from these wells because the
screen interval is below the groundwater level and the wells may not provide
representative groundwater samples.

Gauging information for all the wells at the site were collected on March 26,
2007. Some of the monitoring wells were damaged or no longer existed on the
property. Information concerning these wells is located in Appendix I.

A site map illustrating the locations of all existing groundwater monitoring wells
and water wells within one-half mile is included as Figure 1 of this Plan.

2.0 GROUNDWATER SAMPLING PLAN

The groundwater sampling program shall include consistent sampling and analysis
procedures that are designed to ensure monitoring results that provide an accurate
representation of groundwater quality at the facility's monitoring wells (MWs), or other
monitoring system. The SAC program includes:

• Sampling procedures that shall be protective of human health and the
environment;

• Measurement of groundwater elevations at each MW prior to purging;

• Procedures and techniques for sample collection. preservation analytical
procedures, chain-of-custody documentation and QA/QC methodologies;

• Analytical methods that are appropriate and accurately measure constituents in the
groundwater samples; .

• establishing background groundwater quality;

• Statistical methods to be used in evaluating the groundwater monitoring data; and

• The identification of a statistically significant change (SSC) for each constituent
from background concentrations within the required time period subsequent to
sampling and analysis.

Naismith Engineering, me.
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2.1 Frequency or Monitoring

Monitoring for the constituents will occur either semiannually or bi
annually during the active life of the facility and the closure and post
closure care period as directed in the permit. Representative samples from
each MW shall be collected and analyzed for the Constituents listed in
Table 1. During each subsequent semiannual sampling event, at least one
(I) sample shall be co llected from each MW and analyzed for the same
constituent as the initial event. The frequency of monitoring and
parameters that are required by the permit at a minimum to be sampled are
listed in Table I in Appendix A of this document.

2.1.1 Reporting Requirements

Results from the sampling set forth in the permit will be reported to the
TCEQ Water Quality Assessment Team and the Compliance Monitoring
Team no later than Septem ber 30th of each year.

2.1.2 Additional Requirements

The TCEQ permit stip ulates that maps be included with this plan
illustrating the location of all wells within Yz mile of the facility. These
wells include water wells both in service and abandon and oil/gas wells
that are in service and abandon as well as all monitoring wells. The
permit also requests installation and well specific information regarding
all of the monitoring wells on site. Due to the large quantity of wells at
the site, tables have been generated with the requested information.
Theses tables are located in Appendix H of this document.

2.2 Sa mpling Protocol

Ensuring samples are representative of the underling aquifer begins whenever
they are collected from the MWs. Utilization of the following criteria will assist
in co llecting representative groundwater samples and maintain sample integrity
until arrival at the laboratory:

• Review of Pre-Site Visit Checklist to ensure that all equipment and
supplies are available for site activities;

• Appropriate personal protective equipment (PPE) shall be worn by all
personnel during sampling;

Naismith Engineering. Inc.
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Table 1
Monitoring Constituents

1 Suggestedmclbodsrefer to ID.lIy1Jcal procedure DU mbers used III EPA ReportSW 846 "Tesl Mclhods for Evalll.lDlIgSolid wastes,
Revision6, November 2004.

Sherwin Alumina Company
Groundwater Monitoring Pan and Sampling Analysis Plan

,
CHEl\UCAL NAkiE';;,J: '·· '~fEQUENCY .OFJ.Q;!J l\t~,pA:f§>TiloD·~O.l . ..

.,.. . MONITORING ' ;;>
Permit Required Groundwater Parameters

Total Nitrogen (mg/L) Semi-annual EPA 300.0
Nitrate-Nitrogen (mg/L) Semi-annual EPA 300.0

Ammonia-Nitrogen (mill ) Semi-annual EPA 350.21350.3
Phosphorous (mg/l) Semi-annual EPA 200.7 Rev.

Potassium (mg/L) Semi-annual EPA 6010B

Arsenic (mg/L) Bi-annual EPA 200.7
Chromium (mg/L) Bi-annual EPA 200.7
Cadmium (mg/l ) Bi-annual EPA 200.7

Lead (mg/L) Bi-annual EPA 200.7
Zinc (mg/L) Bi-annual EPA 200.7

Copper (mg/L) Bi-annual EPA 200.7
Nickel (mg/L) Bi-annual EPA 200.7

Mercurv (mg/L) Bi-annual EPA 245.1
Total PCBs (mg/L) Bi-annual EPA 608
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APPEN IlIX H

SUMMARY TABLE OF MONITORING WELL GROUNDWATER GAUGING
DATA

(
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, dix H Sherwin Alumina Company
Facility 204

Gregory, Texas
Groundwater Monitoring Well Gaug ing Table

[

Orig inal
Top ot

Date of Depth to
Groundwater

Total Depth, 10 Northing Easting Casing Elevati on
Well 10 I rteet MS'U Gauging Water (Feet)

Iteet MSU
(Feet)

. .. Bed .1 and Bed 2 . . . ~

'-' AM-5 1724803629 14092 10.85 8.05 02J22J07 5.74 2.31 22.32

'-' 8.05 03/26/07 5.59 2.46

'-2 CB-l 02122/07 Well Not Located

,3A SC·. 17251807.84 1410543.512 7.39 02J22J07 3.82 3.57 23.02
3A 7.39 03126107 3.82 3.57

'-4 RM-13 17259627 .95 1402575.1n 9,66 02J22J07 4.87 4.79 22.06
'-4 9.66 03126107 4.97 4.69

' -5 CB-6 17255649.15 1400148.356 15.23 02122/07 4.55 10.68 21.84
'-5 15.23 03126107 4.52 10.71

' -6 17250883.79 1397475.891 13.69 02J22J07 Well Not l ocated
13.69 03126107 2.82 10.87

·6A RM-l 0 17250598 .96 1397383.908 16.30 02J22J07 4.94 11.36 20.26
·6A 16.30 03126107 4.96 11.34

'-7 RM-6 t 7247286.57 1406220.597 9.75 02122/07 5.71 4.04 22.69
!-7 9.75 03/26107 5.99 3.76

'-8 RM-12 17252547.9 1398459.262 13.84 02J22J07 3.06 10.78 18.52
!-8 13.84 03126107 2.99 10.85

!-9 SC-4 17251632.95 1397961.746 16.13 02J22J07 5.18 10.95 18.96
' ·9 16.13 0312007 5.28 10.85

-'0 BG-3 1724 9719.22 1398908.635 15.93 02122/07 4.43 11.50 18.99
-10 15.93 03126107 4.58 11.35

-11 BG-2 17248930.56 1400221.452 14.47 02122/07 6,38 8.09 19.09
-11 14.47 03i26107 6.45 8.02

;-5 BG-9 17250328.29 1408725.341 32 .29 02J22J07 27 5.29 55.96
:-5 32.29 03126107 26.97 5.32

Page t of 3 Print Dale. 4I2l2OO7 2:26 PM
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APpendix H Sherwin Alumina Company
Facility 204

Gregory, Texas
Groundwater Monitoring Well Gauging Table

Orig inal Top of
Date of Depth to

Gro undwater
Total Depth

Well 10
Nort hing Easting Casing

Gauging Wate r (Feet)
Elevation

(Feet)
feet MSL feet MSL

'" . . . ~... . Bed 1 and -Bec!-2 ccmln ued _ ~-, .
Co' 17248427.76 1408750.244 7.04 02/22107 3.68 3.36 18.n
C· , 7.04 03126/07 4.00 2.98

C·2 17249829.25 1409446.163 7.66 02/22107 3.20 4.46 18.47
Co2 7.66 03126107 3.28 4.36

C·3 17251027.97 1410114.177 7.07 02122107 2.45 4.62 18.90
Co3 7.07 03126107 2.30 4.n

Co4 17252436.99 1410886.223 5.36 02122/07 2.12 3.24 16.38
C-4 5.36 03126107 2.24 3.12

COS 17253899.79 1411665.564 7.65 02/22107 3.08 4.57 17 .68
C·5 7.65 03126107 3.25 4.40

W·7 17250708.42 1394780.205 17.0 1 02126107 5.99 11.02 19.29
W·7 17.01 03126107 5.99 11.02

w·e 17249389.43 1394965.157 19.40 02126/07 7.18 12.22 19.42
w·e 19.40 03126107 6.79 12.61

W·. 02122107 Well Not Located

02122107 We ll Not Located

W-13 17255740.37 1399622.428 10.52 02122107 1.82 8.70 16.43
W·13 10.52 03128107 2.09 8.43

W·14 17256477.59 1409693.882 6.93 02126107 1.84 5.09 14.48
W-14 6.93 03126107 1.59 5.34

W·15 17259794.48 1403528.948 6.52 02126107 2.14 4.38 14.66
"W· 15 6.52 03126/07 1.81 4.7 1

02126107 W ell Not Located

W· 17 17256760.3 1398032.526 13.56 02126107 8.41 5.15 19.12
W·17 13.56 03126107 8.28 5.28

W·18 17254552.01 1396624.657 11.08 02126/07 3.28 7.80 19.32
W·18 11.08 03126107 3.56 7.52

W-19 17252 135.35 1395514.233 12.82 02126107 5.78 7.04 19.77
W-19 12.82 03126107 5.70 7.12

W·2JJ 02126107 Well Not Located



:Appendi x H . Sherwi n Alumi na Company
Facility 204

Gregory, Texas
Groundwater Monitoring Wel l Gaug ing Table

.
Orig inal Top of

Date of Depth to
Groundwate r

Total DepthWeil lO Northing Easting Casing Elevat io nWell lD I (feet MSL Gaug ing Water (Feet)
feet MSU

(Feet)

:r;iic · :r·~'.··~,:· '~>·'., '. .. .., ~ . . ""'.,""., ,..Bed 3X1~~ "i-' .~. , .::; ..., _0 .~ "" .:;:; ......, " ""

,,
MW3· 1 0 -11 17256 138.09 1411152.467 9.97 02J2.6107 5.80 4.17 18.56
MW3-1 9.97 03126107 5.59 4.38

MW3-2 D-10 17255165.65 1412908.304 10.45 02J26107 6.45 4.00 19.90
MW3-2 10.45 03/26107 6.46 3.99

MW3-3 80·6 17255686.13 1413988.77 1 9.75 02/2.6107 6.76 2.99 20.32
MW3-3 9.75 03126107 6.90 2.85

MW3-4 BD-8 17256829.84 1415391.599 7.14 02J26107 6.18 0.96 15.79
MW3-4 7.14 03126107 6.00 1.14

MW3-5 BD-. 17257924.62 1417079.632 8.03 02J26107 7.00 1.03 16.74
. MW3·5 8.03 03126/07 6.88 1.15

MW3·6 80-10 17258722.39 1416645.662 8.67 02/26107 7.04 1.63 16.90
MW3-6 8.67 03126107 6.85 1.82

MW3-7 BD-1 17260405.54 1414633.394 9.72 02/26107 6.58 3.14 20 .66
MW3-7 9.72 03126107 6.40 3.32

" .. Bed 4 .
MW4-1 C-34 17260796.34 1404691.502 8.93 02126107 5.42 3.51 13.19
MlN4- 1 8.93 03126107 5.01 3.92

MW4-2 C-31 17261788.25 1406105.553 8.43 02J26107 5.89 2.54 17.60
MW4-2 8.43 03l26I07 5.65 2.78

' MW4·2A 17261326.38 1405483.695 6.57 02126107 3.45 3.12 15.02

MW4-2A 6.57 03126107 3.19 3.38

MW4·3 G-28 17263032.53 1407869.192 10.13 02J26107 6.52 3.61 16.02

MlN4-3 10.13 03126107 6.43 3.70

: MW4-4 C-25 17264165.39 1407954.498 10.07 02126107 6.64 3.43 17.21

MW4-4 10.07 03126/07 6.55 3.52,
MW4·5 C-21 02126107 Well Not l ocated. I
MW4-8 C-22 02J26107 We ll Not located

MW4-7 C-24 17264225.78 1410925.182 8.78 02126107 6.58 2.20 20.66

MW4·7 8.78 03126107 6.76 2.02

MN4-7A 17261956.93 1412056.886 6.00 03126/07 2.38 3.62
6.00

Note: The monitor weil corrdinates are State Plane coord inates for the Texas lambert South Zone (NAD 1983) and the
elevations are orthometric heights.

'E1 Page 3 of 3 PnnI Dale: 41212007 2:26 PM

I

b
I



Screened
Depth to Total Depth

Original Date of Interval Current Total
Weli lD

WeU ID Installation Information
Water (Feet) at

Depth (Feet)
(Feet) at

IFee11
Installation Installation

7 c_;,: h ..c. ~·,'0~j_\;<~~~vBed 1 and Bed 2. Continued >u, :~ " .' ' ~;, .f" . ~~- . ~)".
c-i 11/23102 14·17 4 18n '7

C-2 11123/02 14· 17 4 ' 8.47 17

G-3 11/21102 15-18 3 '8.9 18

C-4 11121/02 13-16 3 16.38 16

C-5 , ,/23102 13-16 4 17.68 '6

W-7 10/09102 14.5· 17.5 6.5 ' 9.29 '7.50

W-B 10102102 13-16 3 ' 9.42 16

W-9 12/07/02 10.5-13.5 4.5 NA 13.50

W-l0 12107102 11.5·14.5 6 NA '4.50

W-13 10/'9102 15.5-18.5 3.5 16.43 18.50

W·14 '2/15102 12/15/07 3 14.48 ' 5

W-15 12/15102 13-16 4.5 14.66 '6.00

W-16 1011 2/02 13.25-16.25 6.5 NA 16.25

W-17 10/'7102 ' 2.5-15.5 4.5 19.12 15.50

W-18 ' 2/14/02 14.5· 17.5 4 19.32 17.50

W·19 '2/1 4102 14·17 4.5 19.n 17.00

W-20 12/11102 8.5-11.5 2.5 NA 11.50

Appendix H Sherwin Alumina Company
Facility 204

Gregory, Texas
Groundwater Monitoring Well Table



Screened
Depth to Total Depth

Original Date of Interval Current Total
WelllD

Well 10 Installation Infonnation
Water (Feet) at

Depth (Feet)
(Feel) at

(Feel)
Installation Installation

,
" •. .;>"],,c, > Bed 1 and Bed 2 ,~;:, · ..... ,~~: <~~~:s~... .. "'. _ 'c

MW-l RM-5 03/04/68 0·15 9 22.32 15

MW-2 CB-l 06111168 0-30 6 NA 30

MW-3 BC·8 03lOam 0-35.5 7 NA 35.50

MW-3R NA Uknown NA NA 23.02 NA

MW-4 RM-13 05101 /68 0-15 NA 22.06 15

MW-5 CB-6 06111 /68 0-30 7.6 21.84 30

MW-6 RM-l0 05 /01/68 0 -15 12 NA 15

MW-7 RM-6 05101168 0-15 15 22.69 15

MW-8 RM-12 05/01 /68 0-15 11 18.52 15

MW-9 BC-4 0311 om 0-20.5 11 18.96 20.50

MW-l0 BC-3 03110177 0-28.5 4 18.99 28.50

MW·l1 BC-2 0311 om 0-20.5 6.5 19.09 20.50

OB-5 BC-9 03/11/77 0-25.5 12 55.96 25.50

Appendix H Sherw in Alumina Company
Facility 204

Gregory, Texas
Groundwater Monitoring Well Table



Screened
Depth to Total Depth

Original Date of Interval Current Total
WelllD

WeUID Installation Information
Water (Feet) at

Depth (Feet)
(Feet) at

(Feell
Installation Installation

" Ai; '.>C.' -.'" . ... .~. .~ 8 ed a ,.."." . . ' "',.,, ...., , c. :>.

MW3-1 0 -11 05123(73 0-31.5 3.3 18.56 31.50

MW3-2 0 -10 05123(73 0-'9 3.3 19.90 19

MW3-3 80 -6 03/13m 0-40.5 4.5 20.32 40.50

MW3-4 80 -8 03l12m 0-40.5 4.5 15.79 40.50

MW3-5 80-9 03l12m 0-40.5 3.5 16.74 40.50

MW3-6 80-10 03l12m 040.5 3 16.90 40.50

MW3:7 80-1 03l12m 0.40.5 4 20.66 40.50

Appendix H Sherwin Alumina Company
Facility 204

Gregory, Texas
Groundwater Moni toring Well Tab le
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NA - Information Not Available

Screened
Depth to Total Depth

Original Date of Interval Current Tota l
WelllD

WeUID Installation Information
Water (Feet) at

Depth (Feet)
(Feet) at

IFeetl
Installation Installation

--- -' ,-, -'
. . :1';:-.;.-,$','"' ' " ',;: , .' ~~Bed 4 "'-.1>, "" ." 0 ."-'-'.'i_.' ",.

MW4-1 C·34 04/1979 (}-40 13 13.19 40

MW4·2 C-31 04/1979 0-40 13 17.60 40

MW4-2A NA Unknown NA NA 15.02 NA

MW4·3 C·28 0411979 0-40 13 16.02 40

MW44 C-25 0411979 040 18 17.21 40

MW4-5 C-21 04/1979 0-41.5 19 NA 41.50

MW4-6 C-22 0411979 (}-40 18 NA 40

MW4-7 C-24 0411979 (}-40 16 20.66 40

MW4-7A NA Unknown NA NA NA NA

Appendi x H Sherwin Alumina Company
Facility 204

Gregory, Texas
Groundwater Monitoring Well Table
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FIGURE 1

FACILITY SITE MAP WITH WELL LAYOUTS

Naismith Engineering. Inc.
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Note from the Editors: 
The Gulf Coast is prominent in the history of Texas. The first sight of Texas by western 
explorers was our Gulf Coast. Texans defeated Santa Anna to earn their independence from 
Mexico amid the swamps at San Jacinto. And the oil that erupted from Spindletop, south of 
Beaumont, propelled Texas into the oil and gas industry. Groundwater from the Gulf Coast area 
has also played an important, although perhaps quieter, part of Texas’ history as well. As Texas 
and its communities grew, Texans looked below the land surface for water and found a plentiful 
source in the Gulf Coast aquifer as well as other aquifers. With a fickle climate, farmers tapped 
into the aquifer to supplement rainfall and grow more profitable crops. Industries relied on the 
aquifer to support their manufacturing. The Gulf Coast aquifer will likely be quietly prominent in 
the future as well, as Texas continues to grow. Inland cities, regional water planning groups, and 
river authorities are considering conjunctive use projects—the coordinated use of different 
sources of water to optimize water use and minimize the adverse effects that can come from 
relying on a single source—that include the Gulf Coast aquifer. With improvements in 
desalination technologies, even poor quality water from the aquifer in the Lower Rio Grande 
Valley and close to the coast is proving to be a valuable resource. Water continues to fuel the 
growth and prosperity of Texas. 

Our hope is that this report will be useful to those attempting to better understand and manage 
the aquifers of the Gulf Coast region of Texas. This report, the third in a series of reports that 
will summarize the groundwater resources of Texas, represents the proceedings of a conference 
held on February 16, 2006, at the Texas A&M University—Corpus Christi campus. Similar to 
the previous two reports in the “Aquifers of Texas” series, we identified topics we wanted 
addressed and then identified potential contributors to write chapters and give a presentation at 
the conference. This document is meant to be a stand alone document—a book about the Gulf 
Coast aquifer in Texas—as well as a proceedings of the conference held in Corpus Christi. 

This conference and this report are the result of the hard work and cooperation of many people, 
and we are thankful for everyone’s patience, assistance, and generosity. First, we thank our 
speakers and authors for their contributions to the conference and their willingness to share their 
knowledge. We also thank Rick Hay, Jennifer Smith-Engle, and the staff at the Harte Research 
Institute—all at Texas A&M University–Corpus Christi—for providing space for the conference 
and assistance in running the conference. We are grateful to many at the Texas Water 
Development Board for their assistance and support, including Mike Parcher for his assistance in 
preparing and printing the report and Dr. Ali Chowdhury for providing us needed papers and 
topics on short notice. Finally, we thank our Board and our Executive Administrator, J. Kevin 
Ward, for their continued support of these conferences to inform Texans about their 
groundwater. 

Robert E. Mace 
Sarah Davidson 
Edward S. Angle 
William F. Mullican, III 
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Chapter 1 

Aquifers of the Gulf Coast of Texas:  
An Overview 

Sarah C. Davidson1 and Robert E. Mace, Ph.D., P.G.1 

Introduction 
The Gulf Coast region of Texas is located along the Gulf of Mexico in the southeastern part of 
the state. It includes the lower Rio Grande valley on the border with Mexico in the southwest, the 
Sabine River basin on the Louisiana border in the northeast, the Houston-Galveston and Corpus 
Christi metropolitan areas, and many other smaller communities. The Gulf Coast aquifer is the 
largest aquifer in the region and the area’s main source of groundwater. In addition, the Yegua-
Jackson and the Brazos River Alluvium aquifers are an important source of water in parts of the 
Gulf Coast area. There are many issues of concern within the region regarding groundwater that 
are currently being studied, including drought, land subsidence, salt domes, water quality, 
groundwater flow to estuaries, whether brackish water desalination technology can be used to 
meet water needs, and the effects of oil and gas production on water quality. In order to address 
these concerns, it is important to understand how the aquifers work and how they change in 
response to human activities. This paper provides a general overview of the area, the aquifers in 
the region, and recent research and planning that has focused on the groundwater in the area, and 
serves as an introduction to this report. 

Location, Physiography, and Climate 
For our purposes, the Gulf Coast region consists of the 73 counties that overlie the Gulf Coast, 
Yegua-Jackson, and Brazos River Alluvium aquifers (Figure 1-1). These counties include: 
Angelina, Aransas, Atascosa, Austin, Bastrop, Bee, Bosque, Brazoria, Brazos, Brooks, Burleson, 
Calhoun, Cameron, Chambers, Colorado, De Witt, Duval, Fayette, Fort Bend, Frio, Galveston, 
Goliad, Gonzales, Grimes, Hardin, Harris, Hidalgo, Hill, Houston, Jackson, Jasper, Jefferson, 
Jim Hogg, Jim Wells, Karnes, Kenedy, Kleberg, La Salle, Lavaca, Lee, Leon, Liberty, Live Oak, 
Madison, Matagorda, McLennan, McMullen, Milam, Montgomery, Nacogdoches, Newton,  
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Figure 1-1. Location of the Gulf Coast region, showing counties and population centers. 

Nueces, Orange, Polk, Refugio, Sabine, San Augustine, San Jacinto, San Patricio, Starr, Trinity, 
Tyler, Victoria, Walker, Waller, Washington, Webb, Wharton, Willacy, Wilson, and Zapata.∗ 

                                                 

 

∗ For those counties furthest from the Gulf of Mexico that only partially overlie the Yegua-
Jackson or Brazos River Alluvium aquifers, the main topics of this report may only marginally 
apply. 
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Most of the Gulf Coast region is located within the West Gulf Coastal Plain, part of the Coastal 
Plain physiographic province. This province consists of marine sedimentary rocks that tilt gently 
seaward towards the Atlantic Ocean and the Gulf of Mexico (Fenneman, 1938). The elevation 
ranges from sea level at the coast to over 800 feet in the southwestern part of the region (BEG, 
1992). 

Of the sixteen major rivers of Texas that are recognized by the Texas Water Development Board 
(TWDB), eleven flow to the southeast through the Gulf Coast area and into the Gulf of Mexico. 
These are the Brazos, Colorado, Guadelupe, Lavaca, Neches, Nueces, Sabine, San Antonio, San 
Jacinto and Trinity rivers, as well as the Rio Grande (Figure 1-2). 

 

Figure 1-2. Location of major rivers in the region and the Gulf of Mexico coastline. 
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The climate of the region is subtropical and influenced primarily by the Gulf of Mexico. Winters 
are mild and summers are hot, with high humidity in the northeast and semi-arid to arid 
conditions in the southwest (Larkin and Bomar, 1983). Average annual precipitation ranges from 
28 inches in the southwest to 58 inches in the northeast (Figure 1-3; Daly, 1998), and average 
annual gross lake-surface evaporation ranges from 85 inches in the southwest to 45 inches in the 
northeast (Figure 1-4; Larkin and Bomar, 1983). 

 

Figure 1-3. Contours showing average annual precipitation (in inches) in the Gulf Coast region from 1961 to 
1990 (data from Daly, 1998). 
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Figure 1-4. Contours showing average annual gross lake evaporation (in inches) in the Gulf Coast region 
from 1950 to 1979 (data from Larkin and Bomar, 1983). 

Population and Groundwater Use 
In 2000, more than 8 million people—nearly 40 percent of Texans—lived in the Gulf Coast 
region (U.S. Census Bureau, 2003). The population increased over 180 percent from 1950 to 
2000 (Table 1-1). Despite this overall increase, 15 counties experienced a decline in population 
over this period. As of 2000, 26 counties had populations under 20,000, while 11 counties had 
populations over 100,000. Harris County had by far the highest population with 3.4 million 
people (Table 1-1). 
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Table 1-1. Population and groundwater use for counties within the Gulf Coast area for selected years 
(populations from U.S. Census Bureau, 2003). 

 Population Groundwater use (acre-feet) 

County 1950 1980 1990 2000    1980 1990 1997 
%GW 
1997 

Angelina 36,032 64,172  69,884 80,130 33,152 26,886 25,186 73.2 
Aransas 2,452 14,260  17,892 22,497 1,089 452 499 14.0 
Atacosa 20,048 25,055  30,533 38,628 79,089 59,738 50,714 97.1 
Austin  14,663 17,726  19,832 23,590 12,948 12,999 11,446 87.1 
Bastrop 19,622 24,726  38,263 57,733 5,399 7,178 8,468 69.8 
Bee 18,174 26,030  25,135 32,359 6,190 5,065 3,572 49.1 
Bosque 11,836 14,943  15,125 17,204 3,100 3,813 3,967 48.7 
Brazoria 46,549 169,587  191,707 241,767 49,454 28,559 32,133 10.2 
Brazos 38,390 93,588  121,862 152,415 24,751 36,239 33,847 93.8 
Brooks 9,195 8,428  8,204 7,976 1,723 1,726 3,179 85.0 
Burleson 13,000 12,313  13,625 16,470 8,099 8,975 3,134 52.0 
Calhoun 9,222 19,574  19,053 20,647 14,730 4,549 2,377 3.5 
Cameron 125,170 209,727  260,120 335,227 910 2,309 3,277 1.0 
Chambers 7,871 18,538  20,088 26,031 3,998 5,153 9,763 7.6 
Colorado 17,576 18,823  18,383 20,390 69,522 49,133 28,258 14.6 
De Witt 22,973 18,903  18,840 20,013 3,511 4,170 3,856 65.5 
Duval 15,643 12,517  12,918 13,120 5,812 7,842 15,096 94.1 
Falls 26,724 17,946  17,712 18,576 4,216 5,889 3,384 37.4 
Fayette 24,176 18,832  20,095 21,804 4,061 3,719 4,002 23.9 
Fort Bend 31,056 130,846  225,421 354,452 74,113 91,373 70,344 53.4 
Frio 10,357 13,785  13,472 16,252 78,959 85,073 61,849 97.8 
Galveston 113,066 195,738  217,396 250,158 24,322 8,203 5,735 6.0 
Goliad 6,219 5,193  5,980 6,928 1,057 1,344 1,193 25.0 
Gonzales 21,164 16,949  17,205 18,628 4,226 4,660 3,449 35.9 
Grimes 15,135 13,580  18,828 23,552 2,662 3,750 4,665 48.5 
Hardin 19,535 40,721  41,320 48,073 10,904 7,145 6,198 49.5 
Harris 806,701 2,409,547  2,818,101 3,400,578 428,272 421,463 339,279 38.5 
Hidalgo 160,446 283,323  383,545 569,463 12,925 27,485 16,840 4.3 
Hill 31,282 25,024  27,146 32,321 3,767 2,519 2,942 41.5 
Houston 22,825 22,299  21,375 23,185 2,393 2,784 3,041 48.8 
Jackson 12,916 13,352  13,039 14,391 135,642 92,472 43,609 89.8 
Jasper 20,049 30,781  31,102 35,604 51,471 49,486 53,071 82.8 
Jefferson 195,083 250,938  239,389 252,051 15,046 10,736 12,318 3.4 
Jim Hogg 5,389 5,168  5,109 5,281 1,065 828 770 52.9 
Jim Wells 27,991 36,498  37,679 39,326 5,924 4,210 3,627 48.0 
Karnes 17,139 13,593  12,455 15,446 3,233 4,610 3,426 70.1 
Kenedy 632 543  460 414 283 154 132 19.4 
Kleberg 21,991 33,358  30,274 31,549 9,459 7,509 7,058 71.5 
La Salle 7,485 5,514  5,254 5,866 11,938 7,529 5,965 91.6 
Lavaca 22,159 19,004  18,690 19,210 30,749 19,337 11,454 85.5 
Lee 10,144 10,952  12,854 15,657 2,856 3,719 4,112 78.2 
Leon 12,024 9,594  12,665 15,335 2,437 3,571 4,612 69.8 
Liberty 26,729 47,088  52,726 70,154 37,016 19,966 26,765 29.9 
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Table 1-1.   Continued. 

 Population Groundwater use (acre-feet) 

County 1950 1980 1990 2000     1980 1990 1997 
%GW 
1997 

Live Oak 9,054 9,606  9,556 12,309 4,526 5,997 6,845 75.0 
Madison 7,996 10,649  10,931 12,940 2,199 2,672 2,836 80.7 
Matagorda 21,559 37,828  36,928 37,957 38,554 37,537 14,413 9.4 
McLennan 130,194 170,755  189,123 213,517 13,017 12,588 15,091 25.7 
McMullen 1,187 789  817 851 624 396 858 65.2 
Milam 23,585 22,732  22,946 24,238 4,376 18,382 34,405 68.0 
Montgomery 24,504 127,222  182,201 293,768 20,828 28,198 40,925 92.1 
Nacogdoches 30,326 46,786  54,753 59,203 7,411 8,370 9,389 75.8 
Newton 10,832 13,254  13,569 15,072 2,850 3,486 3,072 81.8 
Nueces 165,471 268,215  291,145 313,645 2,862 842 3,180 3.4 
Orange 40,567 83,838  80,509 84,966 20,638 18,603 17,954 23.9 
Polk 16,194 24,407  30,687 41,133 4,306 4,434 5,158 71.3 
Refugio 10,113 9,289  7,976 7,828 1,821 1,360 1,271 79.0 
Robertson 19,908 14,653  15,511 16,000 20,613 21,364 19,084 87.3 
Sabine 8,568 8,702  9,586 10,469 1,061 1,030 909 40.6 
San   
    Augustine 8,837 8,785  7,999 8,946 864 651 620 31.6 
San Jacinto 7,172 11,434  16,372 22,246 1,512 2,013 2,453 89.7 
San Patricio 35,842 58,013  58,749 67,138 4,091 3,163 2,328 11.5 
Starr 13,948 27,266  40,518 53,597 677 1,515 1,393 2.4 
Trinity 10,040 9,450  11,445 13,779 1,461 1,201 1,430 51.3 
Tyler 11,292 16,223  16,646 20,871 2,383 2,193 2,645 95.2 
Victoria 31,241 68,807  74,361 84,088 39,933 29,222 27,339 48.5 
Walker 20,163 41,789  50,917 61,758 9,867 5,499 6,624 56.3 
Waller 11,961 19,798  23,389 32,663 30,692 32,645 27,723 94.6 
Washington 20,542 21,998  26,154 30,373 1,848 2,469 2,620 40.0 
Webb 56,141 99,258  133,239 193,117 857 1,158 1,526 3.4 
Wharton 36,077 40,242  39,955 41,188 175,210 162,820 178,219 53.7 
Willacy 20,920 17,495  17,705 20,082 573 17 18 0.1 
Wilson 14,672 16,756  22,650 32,408 9,663 15,898 16,585 81.2 
Zapata 4,405 6,628  9,279 12,182 242 80 51 0.7 
Total 2,920,144 5,751,743  6,706,372 8,268,783 1,708,032 1,580,123 1,385,576 29.7 

%GW = percent of total water use in 1997 that was met with groundwater. Groundwater use includes use from all 
aquifers, including those not discussed in this paper. 

 

In 1997, about one-third of the region’s water supply came from groundwater, and 31 counties 
obtained more than 60 percent of their water supply from groundwater (Table 1-1). The region 
withdrew about 1.7 million acre-feet in 1980 and about 1.4 million acre-feet in 1997. 



 

 

8

Aquifers of the Gulf Coast 
The Gulf Coast area includes the Gulf Coast, Yegua-Jackson, and Brazos River Alluvium 
aquifers (Figure 1-5). The boundaries of these aquifers have been defined by the TWDB. Based 
on the quantity of water supplied by each aquifer, the TWDB has designated the Gulf Coast 
aquifer as a major aquifer and the Yegua-Jackson and Brazos River Alluvium aquifers as minor 
aquifers (Ashworth and Hopkins, 1995; TWDB, 2002). Additional water may be produced in 
smaller, localized aquifers not recognized by the TWDB. 

 

Figure 1-5. Location of major and minor aquifers recognized by the TWDB in the Gulf Coast region that are 
discussed in this paper and report (delineations from TWDB; this map does not show all aquifers 
in the upland areas). 
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Groundwater studies have focused primarily on the major aquifers, but additional research has 
also addressed the minor aquifers. Below are brief descriptions of each of the three recognized 
aquifers in the Gulf Coast area—more detailed information on these aquifers is available 
throughout this report. 

Gulf Coast Aquifer 

The Gulf Coast aquifer is located along the Gulf of Mexico coast throughout all or parts of 
Aransas, Austin, Bee, Brazoria, Brazos, Brooks, Calhoun, Cameron, Chambers, Colorado, De 
Witt, Duval, Fayette, Fort Bend, Galveston, Gonzales, Goliad, Grimes, Hardin, Harris, Hidalgo, 
Jim Hogg, Jim Wells, Jackson, Jasper, Jefferson, Karnes, Kenedy, Kleberg, Lavaca, Liberty, 
Live Oak, Matagorda, McMullen, Montgomery, Newton, Nueces, Orange, Polk, Refugio, San 
Jacinto, Sabine, San Patricio, Starr, Trinity, Tyler, Victoria, Walker, Waller, Washington, Webb, 
Wharton, Willacy, and Zapata counties. 

The aquifer has been divided into four units, each of which can be generally correlated to 
different sedimentary formations (Baker, 1979) and has different hydraulic properties 
(Chowdhury and Mace, 2003; Chowdhury and others, 2004; Kasmarek and Robinson, 2004). 
The deepest of these is the Catahoula confining system, which includes the Frio Formation, the 
Anahuac Formation, and the Catahoula Tuff or Sandstone. The Catahoula is overlain by the 
Jasper aquifer, which consists of the Oakville Sandstone and Fleming Formation. The upper part 
of the Fleming Formation forms the Burkeville confining system. This separates the Jasper 
aquifer from the Evangeline aquifer, which is made up of water within the Goliad Sand. The 
shallowest unit, the Chicot aquifer, is made up of the Willis Sand, the Bentley and Montgomery 
formations, the Beaumont Clay, and alluvial deposits at the surface (Baker, 1979). The total sand 
thickness in all four units ranges from 700 feet in the south to 1,300 feet in the north (Ashworth 
and Hopkins, 1995). 

Groundwater quality in the Gulf Coast aquifer is generally good northeast of the San Antonio 
River but declines to the southwest due to increased chloride concentrations and saltwater 
encroachment near the coast. In addition, heavy pumpage has caused saltwater intrusion to occur 
along the coast as far north as Orange County (Ashworth and Hopkins, 1995). Pumping from the 
Gulf Coast aquifer between 1985 and 2000 ranged from around 1 million to 1.3 million acre-feet 
per year. Water level declines of up to 350 feet in Harris, Galveston, Fort Bend, Jasper, and 
Wharton counties have led to land-surface subsidence (Kasmarek and Robinson, 2004), which is 
discussed in Chapter 7 of this report. For further information on the Gulf Coast aquifer, see 
chapters 2, 5, 6, 10, 12, and 16 of this report. 

Yegua-Jackson Aquifer 

The Yegua-Jackson aquifer runs approximately parallel to the Gulf of Mexico coastline, 
approximately 100 miles inland, and is located in all or parts of Angelina, Atascosa, Bastrop, 
Brazos, Burleson, Duval, Fayette, Frio, Gonzales, Grimes, Houston, Jasper, Jim Hogg, Karnes, 
LaSalle, Lavaca, Lee, Leon, Live Oak, Madison, McMullen, Nacogdoches, Newton, Polk, 
Sabine, San Augustine, Starr, Trinity, Tyler, Walker, Washington, Webb, Wilson, and Zapata 
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counties. It includes water contained in Tertiary deposits of sand, silt and clay that form the 
Yegua Formation and the Jackson Group (TWDB, 2002). The aquifer is separated from the 
overlying Gulf Coast aquifer by the Catahoula Sandstone and divided from the underlying Sparta 
aquifer by the clay-rich Cook Mountain Formation. The aquifer is approximately 15 to 40 miles 
wide and is found between the Gulf Coast aquifer to the southeast and the Sparta aquifer to the 
northwest. 

From 1980 to 1997, between approximately 11,000 and 14,000 acre-feet of water was withdrawn 
from the Yegua-Jackson aquifer. Most withdrawals take place where other aquifers are not 
present or where the cost of pumping from other aquifers is comparatively high. To learn more 
about this aquifer, see Chapter 3 of this report. 

Brazos River Alluvium 

The Brazos River Alluvium aquifer is located in parts of Austin, Bosque, Brazos, Burleson, 
Falls, Fort Bend, Grimes, Hill, McLennan, Milam, Robertson, Waller, and Washington counties. 
It consists of water-bearing sediments, primarily gravel and sand, within the floodplain and 
terrace deposits of the Brazos River. The deposits reach up to 100 feet thick in some places and 
up to 8 miles wide, with the thickness generally widening and thickening towards the coast. 
Water quality in the aquifer is typically hard, and the concentration of dissolved solids in the 
water varies and can reach more than 1,500 milligrams per liter. The Brazos River Alluvium 
aquifer is hydraulically connected to the Brazos River as well as to underlying bedrock aquifers, 
including the Yegua-Jackson and Gulf Coast aquifers (Cronin and Wilson, 1967). 

Most water is found in the alluvium within the floodplain. The primary use of water pumped 
from the aquifer is for irrigation. Between 1980 and 1997, withdrawals from the aquifer typically 
ranged between 20,000 and 40,000 acre-feet per year. Chapter 4 provides a more detailed 
description of the Brazos River Alluvium aquifer and discusses a model created to simulate the 
conjunctive use water stored in the aquifer with surface water in the Brazos River. 

Groundwater Issues in the Gulf Coast Region 
The people of the Texas Gulf Coast have to consider a wide variety of issues that can affect their 
groundwater. Some of these are common throughout the state, and some are unique to the region. 
Below are brief descriptions of topics related to groundwater in the region that are addressed in 
more detail in other chapters of this report. 

Groundwater Quality 

Water quality often determines whether or not water can be used for drinking, industry, 
irrigation, or other uses. The salinity—or amount of dissolved solids—of groundwater in the 
aquifer increases naturally in deep parts of the Gulf Coast aquifer, toward the coast. In addition, 
the southern part of the aquifer contains significantly higher amounts of chloride, sulfate, and 
sodium than the northern part. The presence of arsenic, radium, and many other constituents that 
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are found in the Gulf Coast aquifer and that affect water quality is described and analyzed in 
detail in Chapter 5. 

Subsidence 

Land-surface subsidence has been a persistent problem in the Harris, Galveston, and Fort Bend 
counties for several decades. As water is withdrawn from deep, confined portions of the Gulf 
Coast aquifer, the hydraulic pressure on the sediments decreases. This causes the de-watered 
sediments to compact due to the weight of overlying sediments. If pumping rates are low, this 
will have little effect, because sand layers are dewatered first and these compact only slightly. 
However, if pumping continues, water will start to be drawn from less transmissive clay layers. 
While sand grains are fairly round, clay grains are sheet-like. As they become de-watered and 
compacted, they align perpendicular to the load applied by overlying sediments. As clay grains 
line up in the same direction, the porosity and thickness of the clay layer decreases. (For a very 
rough comparison, imagine the difference in thickness between a house of cards—with cards 
balanced and aligned at different directions—and the same cards aligned flat on the ground.) 
Even if the layer is saturated with water again, about 90 percent of this compaction is permanent 
(Kasmarek and Robinson, 2004). To read more about how land-surface subsidence has affected 
the northern Gulf Coast region of Texas and how Texans have worked to combat the problem, 
see Chapter 7 of this report. 

Drought 

Drought can affect groundwater supplies in many ways—low precipitation levels can lead to 
reduced recharge to the aquifer and increased pumping by users. Records of precipitation in the 
Gulf Coast region go back as far as the mid-1800s in some places, allowing a long-term look at 
the frequency and duration of drought in the area. 

The Palmer Drought Severity Index, which is the most commonly used drought index in Texas 
and the rest of the U.S., and the Standardized Precipitation Index, which can measure drought 
over time scales varying from three months to four years, are two systems that have been created 
to quantify drought. Using these indexes, Chapter 8 describes historical drought events in 
different parts of the Gulf Coast region. 

Groundwater Flow and Estuaries 

Estuaries, or coastal bays that are influenced by tides and freshwater inputs, often have high 
biological productivity and are of environmental and economic importance. Estuarine 
ecosystems cover more than 2.6 million acres along the Gulf Coast of Texas. The economy of 
the region depends on these areas for navigation, minerals, fisheries, recreation, and natural 
waste treatment. The total value of these services to the residents of the region is in the billions 
of dollars (TWDB, 2005). 

Surface water discharge at the coast has long been known to affect the chemistry and ecology of 
estuaries. In the Gulf Coast region of Texas, TWDB and Texas Parks and Wildlife Department 
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have been studying freshwater inflows from surface water into estuaries for over twenty years. 
Groundwater discharge to the ocean, on the other hand, is much more difficult to see or measure 
and has undergone much less study in Texas and in much of the world. Researchers are starting 
to find that groundwater can constitute a significant amount of freshwater flow to coastal areas 
and may have important impacts on coastal areas, including estuaries. See Chapter 9 of this 
report for a discussion of how groundwater discharge to coasts is currently understood and being 
studied. 

Salt Domes 

As the sediments that now make up the Gulf Coast aquifer were being deposited, underlying 
evaporite (salt-rich) deposits were deformed. In some areas, this deformation resulted in the 
upwelling of salt domes into the overlying sediments. These domes are one to three miles in 
diameter and are composed almost entirely of crystalline rock salt covered by a cap rock of 
sulfate and carbonate minerals. 

The 38 salt domes that are found within the Gulf Coast aquifer in Texas provide natural 
resources such as oil, gas, salt, and sulfur, and have been used for storing petroleum products. 
However, the development of salt domes can lead to the formation of sinkholes and creates a 
potential for groundwater contamination. Despite these risks, there has been little data collection 
or research over the past twenty years to address how salt dome development may affect the Gulf 
Coast aquifer. Chapter 12 of this report describes salt domes in more detail and summarizes what 
is known about salt domes and hydrogeology.  

Brackish Groundwater Desalination 

As demand for water in Texas grows, additional sources of water are being sought, in particular 
to provide adequate supplies in times of drought. Desalination technology offers a way to use the 
large amounts of water that are available in aquifers but are too saline for normal use. Brackish 
desalination plants remove dissolved solids from groundwater using processes such as filtration, 
reverse osmosis, and electrodialysis reversal. 

Brackish groundwater desalination offers a promising water resource option for the Gulf Coast 
region. The Gulf Coast aquifer contains about one-fifth of the estimated quantity of brackish 
groundwater that is suitable for desalination in Texas. As desalination is becoming more cost 
effective, plants are being built, planned, and incorporated into the water management strategies 
of regional water planning groups in the area. For more information, see Chapters 13 and 14. 

Oil and Gas Production 

For over 150 years, oil and gas development in Texas has co-existed with groundwater use. As 
these resources were developed, so too did the risk that hydrocarbon extraction would lead to the 
contamination of groundwater resources. For example, products used in and created by 
production can contaminate groundwater through pipeline leaks, accidental spills, or produced 
water of poor quality. 
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The Railroad Commission of Texas is the state agency with the authority and responsibility to 
regulate oil and gas operations, in part to protect groundwater resources. More information about 
the regulation of oil and gas production to protect groundwater supplies can be found in Chapter 
15 of this report. 

Historical and Future Production of the Gulf Coast Aquifer 

One-third of the state’s population lives in counties where the Gulf Coast aquifer is found. More 
water is pumped from the Gulf Coast aquifer in Texas than from any of the state’s other aquifers 
except for the Ogallala. Thus, production in the Gulf Coast aquifer is a topic of interest for many 
people who are concerned with the quality of life and the economy in the state. Chapter 16 
describes the history and future of groundwater development from the Gulf Coast aquifer, 
including information on past pumping statistics and development projects currently under 
consideration. 

Groundwater Management 

Several chapters of this report discuss various aspects of groundwater management in the Gulf 
Coast region of Texas. Chapter 11 describes optimization models, which can be used by 
decision-makers to maximize or minimize specific constraints, such as maintaining a certain 
level of springflow, based on their goals. It then considers how the groundwater availability 
models (GAMs) developed by the TWDB can be used along with optimization models to help 
make groundwater management decisions. Chapter 17 provides one perspective on how the 
scientific and legal framework for groundwater management in the Texas Gulf Coast relates to 
the values held by individuals that shape the state’s localized form of groundwater management. 
It then gives some ideas for how to promote understanding and cooperation between 
stakeholders. Chapter 20 gives information on groundwater management through groundwater 
conservation districts. 

Local Studies 

As demand for water increases and new groundwater development projects are considered, 
public and private groups are conducting detailed local studies of the hydrogeology in the Gulf 
Coast region. The results of these studies help to predict whether a project will meet its goals and 
maximize the success of the project. 

Several chapters in this report discuss the results of such studies. Chapter 4 describes a 
groundwater model of the Brazos River Alluvium aquifer that was created to help assess the 
possibility of temporarily storing extra water in the aquifer during wet periods to use during 
times of low precipitation and river flow. Chapter 6 and the extended abstracts in chapters 18 and 
19 describe several studies that are being done to plan for the Lower Colorado River Authority-
San Antonio Water System Water Project. These studies look at the geology and hydraulic 
properties of the Gulf Coast aquifer, recharge to the Gulf Coast aquifer, and interactions between 
the Gulf Coast aquifer and the rivers that cross it. 
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Regional Water Planning 
In 1997, the Texas Legislature enacted Senate Bill 1, a comprehensive water legislation created 
to plan for managing water resources as the population and water demand of Texas grows. This 
bill calls for a “bottom up” planning process, creating sixteen regional water planning areas and 
corresponding regional water planning groups. Each regional water planning group is formed by 
members representing 11 different interest groups, including agriculture, counties, the 
environment, industries, municipalities, the public, river authorities, small business, steam-
electric generating facilities, water districts, and water utilities located within the regional water 
planning area, as well as additional entities chosen by the regional water planning groups. 

It is the responsibility of each of the regional water planning groups to create a regional water 
plan for its region that defines current and projected water supplies and water demand and shows 
how the region plans to meet future water supply needs and respond to drought. These regional 
water plans were submitted to the TWDB in January of 2001 for the first round of regional water 
planning. The TWDB used these individual plans to create a comprehensive state water plan, 
which it released in January of 2002. Most of the regional water plans for 2006 were submitted 
to TWDB in January of 2006 for the second round of regional water plans. The next state water 
plan will be released in January of 2007. These regional and state plans are available on the 
TWDB website at www.twdb.state.tx.us. In order to respond to changes in the regional water 
planning areas, the water plans will be updated every five years. Financial assistance from the 
TWDB and water right permits from the Texas Commission on Environmental Quality will only 
be provided if the purpose of the project or permit is consistent with the state water plan. 

The Gulf Coast area includes all of the Coastal Bend, Lavaca, and Region H planning areas, and 
parts of the Rio Grande, South Central Texas, Lower Colorado, Brazos G, and East Texas 
planning areas (Figure 1-6). The planning groups in all these areas have identified specific user 
groups that will have unmet needs for water by 2050. Projections indicate all but one region 
(Brazos G) will have unmet water demands by 2050 if water management strategies are not 
implemented (TWDB, 2002). The regions have recommended several water management 
strategies to meet their future water needs, including: 

•  increased use of current groundwater and surface water supplies, 

•  well field development, 

•  dredging of existing reservoirs, 

•  creation of new reservoirs, 

•  municipal and agricultural conservation, 

•  water reuse, 

•  transfer and acquisition of water rights, 

•  interbasin transfers, 

•  aquifer storage and recovery, 
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•  desalination, 

•  rainwater harvesting, 

•  brush management, and 

•  weather modification (TWDB, 2002). 
 
 
 

 

 

Figure 1-6. Location of regional water planning areas in the Gulf Coast region. 



 

 

16

Groundwater Conservation Districts 
Since 1904, Texas has governed groundwater use through the Rule of Capture. This rule allows 
landowners to pump as much groundwater as they like, so long as the purpose of pumping is not 
“malice or willful waste” and not be held liable if neighbors complain that their wells have been 
depleted by pumping. In order to allow the option of locally controlled groundwater regulation, 
the Legislature authorized the creation of groundwater conservation districts in 1949 (Mace and 
others, 2004). Today these districts are recognized by the Legislature as the state’s preferred 
method of managing groundwater resources. Each groundwater conservation district has the 
authority to regulate groundwater pumping within its boundaries and must complete a ten-year 
groundwater management plan every five years, describing how it plans to address relevant 
groundwater issues such as changes in water use, drought, and water quality. 

House Bill 1763, passed by the Texas Legislature in 2005, will change the way that groundwater 
conservation districts manage groundwater. The bill requires that all groundwater conservation 
districts coordinate their planning efforts with other districts that are located within the same 
groundwater management area. There are 16 groundwater management areas in Texas, and the 
Gulf Coast region includes all or part of 7 of them (Figure 1-7). 

By the year 2010, the groundwater conservation districts in each groundwater management area 
will need to establish desired future conditions for aquifers within their groundwater 
management area boundaries. After this time, the groundwater conservation districts will need to 
ensure that their management plans are designed to meet the newly decided conditions. The role 
of the TWDB in this process will be to provide each groundwater conservation district with the 
estimated amount of managed available groundwater that will be available based on the desired 
future conditions that are agreed upon within the groundwater management areas. The TWDB 
will only provide these numbers—the agency will not approve or disapprove of the conditions 
that the groundwater conservation districts give to them unless the conditions are hydrologically 
unreasonable. 

The Gulf Coast area is home to 25 confirmed groundwater conservation districts, as well as 1 
aquifer storage and recovery conservation district and 2 subsidence districts (Figure 1-8): 

1. Bee Groundwater Conservation District, 

2. Bluebonnet Groundwater Conservation District, 

3. Brazoria County Groundwater Conservation District, 

4. Brazos Valley Groundwater Conservation District, 

5. Coastal Bend Groundwater Conservation District, 

6. Coastal Plains Groundwater Conservation District, 

7. Corpus Christi Aquifer Storage and Recovery Conservation District, 

8. Evergreen Underground Water Conservation District, 

9. Fayette County Groundwater Conservation District, 
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10. Fort Bend Subsidence District, 

11. Goliad County Groundwater Conservation District, 

12. Gonzales County Underground Water Conservation District, 

13. Harris-Galveston Subsidence District, 

14. Kenedy County Groundwater Conservation District, 

15. Live Oak Underground Water Conservation District, 

16. Lone Star Groundwater Conservation District, 

17. Lost Pines Groundwater Conservation District, 

18. McMullen Groundwater Conservation District, 

19. Mid-East Texas Groundwater Conservation District, 

20. Pecan Valley Groundwater Conservation District, 

21. Pineywoods Groundwater Conservation District, 

22. Post Oak Savannah Groundwater Conservation District, 

23. Red Sands Groundwater Conservation District, 

24. Refugio Groundwater Conservation District, 

25. Southeast Texas Groundwater Conservation District, 

26. Texana Groundwater Conservation District, 

27. Victoria County Groundwater Conservation District, and 

28. Wintergarden Groundwater Conservation District. 

At the time of publication, there were three unconfirmed groundwater conservation districts in 
the region: Starr County Groundwater Conservation District, Duval County Groundwater 
Conservation District, and Lower Trinity Groundwater Conservation District (Liberty, Polk, and 
San Jacinto counties). 

Groundwater Availability Modeling 
The development of state-of-the-art, publicly available computer models of groundwater 
resources in Texas began in 1999, when the Legislature provided initial funding for the TWDB 
to create groundwater availability models (GAMs) for the major aquifers of Texas. In 2001, the 
Legislature enacted Senate Bill 2, which directed the TWDB to complete groundwater 
availability models for the minor aquifers. 

A main purpose of these models is to provide regional water planning groups and groundwater 
conservation districts with information to use in assessing the availability of groundwater in their 
regions or areas. With information from the models, they can evaluate their social and economic 
demand for water in relation to the effects of groundwater use on the quantity and quality of 
groundwater, groundwater flow to springs, land surface subsidence, and other aquifer  
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Figure 1-7. Location of groundwater management areas in the Gulf Coast region. 

characteristics. This can help them make more informed decisions on how to manage their 
groundwater supplies and to meet their current and future demands for water. 

Three GAMs have been completed for the Gulf Coast aquifer. In addition, the TWDB will be 
creating GAMs for the Brazos River Alluvium aquifer and the Yegua Jackson aquifer; however, 
the schedule is not yet set for their development. Because of the large size of the Gulf Coast 
aquifer, separate models were created for different portions of the aquifer. A GAM on the lower 
Rio Grande valley region was completed in October of 2003. The second GAM, covering the 
central part of the aquifer, was completed in September of 2004. The third GAM, which models 
the northern part of the aquifer, was also completed in September of 2004. Reports describing 
these models and how they were developed are available on the TWDB website (Chowdhury and 
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Mace, 2003; Chowdhury and others, 2004; Kasmarek and Robinson, 2004). Chapter 10 discusses 
these three models. 
 
 
 

 

Figure 1-8. Location of confirmed groundwater conservation districts and subsidence districts in the Gulf 
Coast region. Not shown on the map are three unconfirmed groundwater conservation districts 
in the region: Starr County Groundwater Conservation District, Duval County Groundwater 
Conservation District, and Lower Trinity Groundwater Conservation District (Liberty, Polk, 
and San Jacinto counties). 
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Summary 
More than a third of all Texans live in the Gulf Coast region, an area that runs from the Rio 
Grande Valley in the south to the Sabine River basin in the north. The population has increased 
dramatically over the last 50 years and with it the demand for water. Many people in the region 
depend partly or entirely on groundwater to meet their needs. As water users, groundwater 
conservation districts, and regional water planning groups work to meet their groundwater needs 
today and plan for the future, a diverse range of issues must be addressed. Among these are the 
quantity and quality of water in the region’s aquifers, the threat of drought, impacts of pumping 
such as land subsidence and reduced flow to estuaries, and possible effects of oil and gas 
production on groundwater supplies. We continue to improve our understanding of these issues 
through the development of groundwater availability models and through regional studies carried 
out by public and private groups. In the following chapters, experts from a variety of disciplines 
and industries offer more detailed information and ideas about all of these topics. 
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Chapter 2 

Geology of the Gulf Coast Aquifer, Texas 
Ali H. Chowdhury, Ph.D., P.G.1 and Mike J. Turco2 

Introduction 
The Gulf Coast aquifer in Texas extends over 430 miles from the Texas-Louisiana border in the 
northeast to the Texas-Mexico border in the south (Figure 2-1). Over 1.1 million acre-feet of 
groundwater are annually pumped from this aquifer in Texas. A large portion of this water 
supply is used for irrigation and drinking water purposes by the fast growing communities along 
the Texas Gulf Coast. 

The geology of the Gulf Coast aquifer in Texas is complex due to cyclic deposition of 
sedimentary facies. Sediments of the Gulf Coast aquifer were mainly deposited in the coastal 
plains of the Gulf of Mexico Basin. These sediments were deposited under a fluvial-deltaic to 
shallow-marine environments during the Miocene to the Pleistocene periods. Repeated sea-level 
changes and natural basin subsidence produced discontinuous beds of sand, silt, clay, and gravel. 
Six major sediment dispersal systems that sourced large deltas distributed sediments from 
erosion of the Laramide Uplift along the Central and southern Rockies and Sierra Madre Oriental 
(Galloway and others, 2000; Galloway, 2005). Geographic locations of the various fluvial 
systems remained relatively persistent, but the locations of the depocenters where the thickest 
sediment accumulations occurred shifted at different times (Solis, 1981). Stratigraphic 
classification of the Gulf Coast aquifer in Texas is complex and controversial, with more than 
seven classifications proposed. However, Baker’s (1979) classification based on fauna, electric 
logs, facies associations, and hydraulic properties of the sediments has received widespread 
acceptance. Baker (1979) classified the Gulf Coast aquifer into five hydrostratigraphic units. 
From oldest to youngest, these are: (1) the Catahoula Confining System, (2) the Jasper aquifer, 
(3) the Burkeville Confining System, (4) the Evangeline aquifer, and (5) the Chicot aquifer. 

Numerous growth faults (curved faults that are syndepositional and grow with depth of burial) 
parallel the Gulf Coast and controlled sediment accumulation and dispersal patterns during 
deposition. Salt domes are more common in the northern than the southern parts of the Texas 
Gulf Coast. These salt domes locally penetrate shallow areas of the Gulf Coast aquifer. Rapid 
burial of the fluvio-deltaic sediments in the Texas Gulf Coast caused the development of 
overpressure zones in the subsurface. In this paper, we will describe: (1) the evolution of the 
Gulf of Mexico basin and associated sediments of the Texas Gulf Coast aquifer; (2) structural  
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Figure 2-1. Extent of the Gulf Coast aquifer, major rivers, and cities along the Texas Gulf Coast. 

features including faults, salt domes, and overpressure zones; (3) depositional environments; and 
(4) the stratigraphy of the Gulf Coast aquifer in Texas. We briefly describe geologic 
relationships to the occurrences of groundwater and petroleum resources in the Texas Gulf 
Coast. 

Physiography 
The Gulf Coast aquifer in Texas is mainly covered by a smooth, low-lying coastal plain that 
gradually rises from sea level in the east to as much as 900 feet in the north and the west (Figure 
2-2). The coastal uplands end at the contact of the Cretaceous clay and limestone where 
elevations rise sharply (Figure 2-2). The surficial geology of the Texas Gulf Coast is complex,  
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Figure 2-2. Land surface elevation of the area directly overlying the Gulf Coast aquifer in Texas (from 
Texas General Land Office, http://www.glo.state.tx.us/gisdata/jpgs/elev.jpg). 

consisting of a mosaic of lithofacies with the Pleistocene and Holocene sediments covering most 
of the outcrop areas (Figure 2-3). The Coastal Plain is underlain by a massive thickness of 
sediments that form a homocline sloping gently towards the Gulf of Mexico. Several major 
rivers dissect the Gulf Coast aquifer and flow nearly perpendicular to the Gulf of Mexico. These 
rivers include the Sabine, Trinity, Colorado, Guadalupe, Brazos, San Antonio, and Rio Grande 
(Figure 2-1). Between the valleys of the major rivers crossing the coastal plains, differential 
erosion of the softer and harder beds led to the formation of parallel low ridges and escarpments. 
These features provided the lowlands with a distinctive topographic belt. This “belted”  
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Figure 2-3. Surficial geology of the Gulf Coast aquifer in Texas (Aronow and Barnes, 1968; Shelby and 
others, 1968; Proctor and others, 1974; Aronow and others, 1975; Aronow and Barnes, 1975; 
Brewton and others, 1976a; Brewton and others, 1976b). 

topography is better developed in East Texas and is less evident in South Texas due to increased 
aridity and the influence of the Sierra Madre Oriental in Mexico (Bryant and others, 1991). Most 
of the major rivers that arise farther away from the coastal plains have broad alluvial valleys and 
deltaic plains and empty sediment loads directly into the Gulf of Mexico. The smaller rivers have 
narrow valleys and drain into estuaries or lagoons that are disconnected from the Gulf by 
onshore barrier islands or offshore bars. Long barrier islands with few tidal inlets and adjoining 
lagoons parallel part of the Texas Gulf Coast. Padre Island, with a length of about 130 miles, is 
the longest barrier island adjacent to the Gulf of Mexico. 
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The Gulf Coast aquifer in Texas outcrops over a large geographic area located between 18°N and 
31°N latitudes. Therefore, the climate varies widely, from humid in the north to semi-tropical to 
semi-arid in the south. Annual rainfall ranges from about 56 inches in the north to about 18 
inches in the south. The mean annual temperature ranges from about 60° F in the north to about 
70° F in the south. Annual pan evaporation rates range from about 60 inches in the north to 100 
inches in the south (Williamson and Grubb, 2001). 

Basin evolution and structural features 
Sediments of the Texas Gulf Coast aquifer were deposited in the coastal plains of the Gulf of 
Mexico Basin (Figure 2-4) during the Tertiary and Quaternary periods. The Gulf of Mexico 
Basin was formed by the downfaulting and downwarping of Paleozoic basement rocks during the 
break-up of the Paleozoic megacontinent Pangaea and the opening of the North Atlantic Ocean 
in the Late Triassic (Byerly, 1991; Hosman and Weiss, 1991). Igneous processes played a 
significant part in the evolution of the Gulf of Mexico basin, as observed from the presence of  

 

Figure 2-4. Geographic extent of the Gulf of Mexico Basin (from Salvador, 1991). 
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basaltic rocks in rift basins around the Gulf of Mexico margins. Igneous processes may have 
partly controlled thermal and uplift history of the Gulf of Mexico basin (Byerly, 1991). Most of 
the igneous activity occurred in the Late Cretaceous and Oligocene-Miocene periods, although 
activity continues today in the western part of the Gulf of Mexico basin in Mexico (Byerly, 
1991). Local structures that rim the Gulf of Mexico basin are primarily formed by gravity acting 
on thick sedimentary sections deposited on abnormally pressured shale or salt that sole out above 
the basement to produce salt-flow structures and growth faults (Figure 2-5) (Nelson, 1991). 

The Balcones and Luling-Mexia-Talco fault zones rim the basin and form a divide between 
Upper Cretaceous and Eocene strata (Figure 2-6) (McCoy, 1990). The Balcones fault zone is 
dominated by normal faults that run parallel to the trend of the Ouachita orogenic belt. Along 
these faults, sediments have been displaced up to 1,500 feet, shifting downward toward the Gulf 
of Mexico. Where the faults juxtapose against the resistant Lower Cretaceous and more resistant 
Upper Cretaceous sediments, it forms the Balcones Escarpment (Ewing, 1991). The Luling-
Mexia-Talco fault system consists of three segments of symmetric grabens linked by deep en-
echelon normal faults and extends from Central Texas to the Arkansas border (Ewing, 1991). 
Movement along the faults began in the Jurassic, as evidenced by thick sediment piles in the 
grabens, and continued later movement is supported by offsets of Paleocene beds. Many of the 
local structures, including the Sabine Arch, Houston Embayment, San Marcos Arch, Rio Grande 
Embayment, salt domes, and numerous northeast-southwest trending growth faults, began to 
form prior to the Tertiary period (Figure 2-5). The growth faults have an extensional component 
and are often referred to as listric-normal faults (listric from Greek for “shovel” to describe 
curved fault planes) (Figures 2-7 and 2-8) (Nelson, 1991). Bornhauser (1958) suggested that 
most of the regional structures, embayments, arches, and flexures were created by a combination 
of differential subsidence of the basin floor and thick sediments that flowed as viscous fluids on 
sloping surfaces. Others suggested that deep-seated vertical intrusions of salt in the form of 
narrow ridges pushed up the gulf-ward dipping beds to form deep-seated anticlines (Quarles, 
1952; Cloos, 1962). These structural features controlled sediment accumulation patterns, as 
supported by the observation that bedding commonly thins towards and over the arches and 
thickens in the embayments (Grubb, 1998). All regional and local structures in the Texas Gulf 
Coast were developed by shallow tectonics in rapidly subsiding basins, which caused sediments 
to be buried to considerable depths (Bornhauser, 1958) while still preserving most of their initial 
porosity. If the sediments were affected by deeper tectonic events, a higher temperature 
associated with metamorphic processes would have destroyed most of the transmissive capacities 
of the sandstone. 

The Sabine Arch lies between the East Texas and North Louisiana basins (Figure 2-5), and its 
boundaries are gentle homoclines into the surrounding basins. The uplifted area contains a thin 
layer of Jurassic salt that forms low amplitude swells (Ewing, 1991). In the mid-Cretaceous, the 
Sabine Uplift area was uplifted and subsequently eroded to form the clastic sediments of the 
Woodbine Formation. The Woodbine Formation was uplifted again and the sediments were 
subsequently eroded and deposited before the formation of the Austin Chalk (Halbouty and 
Halbouty, 1982). A third episode of uplift during the Eocene provided the current outcrop pattern 
around the Sabine arch (Ewing, 1991). 

The San Marcos arch is a broad area of lesser subsidence and is a subsurface extension of the 
Llano Uplift, which contains exposed Precambrian Rocks. The arch is located between the Rio  
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Figure 2-5. Structures in the Gulf of Mexico Basin include the: (1) Macuspana basin, (2) Villahermosa uplift, 
(3) Comalcalco basin, (4) Isthmus Saline basin, (5) Veracruz basin, (6) Cordoba platform, (7) 
Santa Ana massif, (8) Tuxpan platform, (9) Tampico-Misantla basin, (10) Valles-San Luis Potosi 
platform, (11) Magiscatzin basin, (12) Tamapulias arch, (13) Burgos basin, (14) Sabinas basin, 
(15) Cohuila platform, (16) El Burro uplift, (17) Peoytes-Picachos arches, (18) Rio Grande 
embayment, (19) San Marcos arch, (20) East Texas basin,  (21) Sabine uplift,  (22) North 
Louisiana salt basin,  (23) Monroe uplift, (24) Desha basin, (25) La Salle arch, (26) Mississippi 
salt basin, (27) Jackson dome, (28) Central Mississippi deformed belt, (29) Black Warrior basin, 
(30) Wiggins uplift, (31) Apalachicola embayment, (32) Ocala uplift, (33) Southeast Georgia 
embayment, (34) Middle Ground arch, (35) Southern platform, (36) Tampa embayment, (37) 
Sarasota arch, and (38) South Florida basin (from Salvador, 1991). 
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Figure 2-6. Map showing locations of faults in the Gulf Coast aquifer in Texas. Note that most of the faults 
have extensional components and occur parallel to the coast. Only structural features for Texas 
are shown (modified from Murray, 1961 and Hosman, 1996). 

Grande Embayment and East Texas Basin (Figure 2-5). The arch is crossed by the basement 
involved normal faults of the Balcones-Lulling fault zone that parallels the buried Ouachita 
Orogenic Belt (Ewing, 1991). 

The Rio Grande embayment is a small deformed basin showing signs of compression during the 
Laramide orogeny in the Late Cretaceous–Paleogene. The embayment lies between El Burro 
uplift in Northeast Mexico and the south of the basin-marginal Balcones fault zone (Figure 2-5) 
(Ewing, 1991). It contains few Jurassic salt domes, but salt tectonics is a minor component of the 
basin history. Jurassic and Cretaceous sedimentation were continuous and recorded a general 
subsidence and transgression in the Early Cretaceous (Ewing, 1991). 
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Figure 2-7. Diagrammatic cross-section along the central part of the Texas Gulf Coast and northern Gulf of 
Mexico basin showing depositional and structural styles exhibited by fluvial-deltas (from Bruce, 
1973 and Solis, 1981). 
 
 
 
 

 

Figure 2-8. An example of a growth fault in the Gulf Coast across Corsair fault trend, offshore Texas. This 
seismic section shows a listric segment of the fault (A), a bedding parallel slide surface that rests 
on overpressured shale (B), and a deep ramp that changes orientation of the slide surface (from 
Vogler and Robinson, 1987).  Reprinted by permission of the AAPG whose permission is required 
for further use. 
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The strike-oriented growth faults found in the Texas Gulf Coast aquifer occur parallel to the 
coastline (Figure 2-6). More than 150 faults have been identified in the Houston metropolitan 
area alone (Verbeek and others, 1979). Most of these faults are rooted in the deeper subsurface at 
depths of 3,200 to 13,000 feet (Verbeek and others, 1979). These growth faults have throws that 
increase with depth and strata are thicker on the downthrown side than on the upthrown side 
(Figures 2-7 and 2-8). Growth faults in the Texas Gulf Coast may be caused by a number of 
processes, including a buoyant rise of salt or shale, differential sediment loading (prograding 
deltaic sand on prodelta mud), differential compaction leading to varying volumes of rock bodies 
(differential strain along surfaces where facies change), and free gravity gliding (stiff rock 
overlying soft rock such as evaporites) (Jackson and Galloway, 1984). In the Texas Gulf Coast 
aquifer, abrupt changes in sediment thickness occur locally over short lateral distances between 
growth faults (Verbeek and others, 1979). Kreitler and others (1977) reported appreciable 
vertical displacement and an abrupt thickening of the Alta Loma Sand at the base of the Chicot 
aquifer in Harris and Galveston counties that they attributed to faults. Solis (1981) constructed 
sand percentage maps using spontaneous and resistivity logs and concluded that faults have 
strongly influenced distribution and orientation of Miocene to lower Pleistocene depocenters 
containing the thickest sand-bearing unit. Sand depocenters commonly developed on the 
downthrown fault blocks parallel to and/or bounded by strike-oriented faults (Solis, 1981). Solis 
(1981) noted four principal types of variations in the occurrences of the base of the fresh water-
saline water interface: (1) it is deeper on the basinward side of some growth faults than on the 
landward side, (2) it is shallower on some downthrown fault blocks, (3) it rises to shallower 
depths where sand bodies pinch out, and (4) it rises around salt domes. The role of many of these 
faults in controlling regional groundwater flow remains uncertain, as throws across the faults are 
not large enough to totally offset the hydrogeologic units (Hosman and Weiss, 1991). However, 
the fault zones may partially compartmentalize groundwater flow systems locally, as seen from 
varying groundwater compositions across the fault zones (Kreitler and others, 1977). Some of 
the faults in the Texas Gulf Coast are still active and moving at rates of 0.2 to 0.8 inches per year 
(Shah and Lanning-Rush, 2005). 

Salt domes are more common in the northern than the southern part of the Texas Gulf Coast 
(Morton and others, 1983). Some of these salt domes locally penetrate areas of the shallow 
aquifer (Figure 2-9). The source of the salt is the Jurassic Louann salt. The salt could rise up in 
the form of spires, banks, and domes due to: (1) massive accumulation of thick coarser, dense 
sediments by prograding deltas on earlier formed pro-delta muds; (2) gravity-spreading of thick 
salt mass basinward; (3) thermal convection; and (4) buoyancy (Figure 2-10) (Jackson and 
Galloway, 1984; Williamson and Grubb, 2001). Jackson and Galloway (1984) reported that salt 
domes have constituted the most important play in the Texas Gulf Coast since the discovery of 
Spindletop south of the town of Beaumont in 1901 (Jackson and Galloway, 1984), which 
produced more than 100,000 barrels per day (Spearing, 1991). Salt domes provide both structural 
and stratigraphic traps for oil and gas. Potential traps are present wherever sand prevails over 
mud and carbonates with enhanced porosity prevail over those with normal porosity (Jackson 
and Galloway, 1984). In addition, salt domes may cause deterioration in groundwater quality in 
surrounding areas (Chowdhury and others, this volume). 

Rapid accumulation of sediments fed by large river systems into deltas led to the formation of 
overpressure zones where fluid pressures are substantially higher than hydrostatic pressures 
(Jones, 1969). Rapid burial of the sediments restricted expulsion of pore water, building up fluid  
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Figure 2-9. Map showing locations of salt deposits in the Gulf of Mexico basin (from Ewing, 1991). Note 
distribution of salt in the Rio Grande embayment, northeastern part of the Texas Gulf Coast 
including Houston area, and East Texas. Salt deposits occupy a much wider area in the offshore, 
in the northwest slope and Texas-Louisiana slope of the Gulf of Mexico basin. 

 
 
 
 
 
pressures and undercompacting the sediments (Williamson and Grubb, 2001). Under 
overpressure conditions, shale layers act as detachment planes for faults and often provide 
habitat for significant hydrocarbon accumulations (Mukherji and others, 2002). For example, 
nearly half of the gas production in the Tertiary units from southern part of Louisiana come from 
the approximately 1,800 foot section around the top of overpressure zones (Leach, 1994). In 
addition, groundwater flow in the Gulf Coast aquifer is further complicated by numerous clay 
lenses less than six feet thick contained within the water-bearing units of the sand beds that 
retard vertical movement locally and may provide different hydraulic heads to each sand bed 
(Gabrysch, 1984). 
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Figure 2-10. Seismic section across the updip limits of a thin salt sheet. Deformation caused by gravity 
spreading of the salt and listric-normal faults developed in the overlying section as a result of 
movement of the salt (from Ewing, 1991). 

Depositional Environment 
Deposition in the Gulf of Mexico basin was affected by crustal subsidence, sediment dispersal 
from areas as far away as Trans-Pecos Texas beyond the Gulf Coastal Plain, and eustatic changes 
in sea level (Figure 2-11) (Galloway, 1989). Most of the early Cenozoic depositional episodes 
were derived from erosion of the Laramide uplift along the central and southern Rockies and 
Sierra Madre Oriental in northern Mexico. Late Eocene through to early Oligocene crustal 
heating, volcanism, and subsequent erosion of much of central Mexico and the southwestern 
United States nourished Oligocene through early Miocene depositional episodes (Galloway and 
others, 2000; Galloway, 2005). Pliocene uplift and tilting of the western High Plains further 
rejuvenated northwestern sediment sources from the Rocky Mountains (Galloway, 2005). 
Galloway (2005) identified the predominant sediment source areas for the fluvial-deltaic and 
shore-zone depositional systems in the Coastal Plains and the northern part of the Gulf of 
Mexico Basin (Figure 2-11). 

Sediments of the Gulf Coast aquifer were deposited in a fluvial-deltaic or shallow-marine 
environment (Sellards and others, 1932). Repeated sea-level changes and basin subsidence  
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Figure 2-11. Principal sediment dispersal systems for the Cenozoic sediments of the Gulf of  Mexico basin. 
Contours (in feet) indicate modern elevations of the uplands. Fluvial axes no=Norias, RF=Rio 
Grande, cz=Carrizo, cr=Corsair, HN=Houston, RD=Red River, MS=Mississippi, TN=Tennesse 
(after Galloway, 2005). 

caused the development of cyclic sedimentary deposits composed of discontinuous sand, silt, 
clay, and gravel (Sellards and others, 1932; Kasmarek and Robinson, 2004). Changes in sea level 
and sediment source areas gave rise to a heterogeneous assemblage of river, windblown, and lake 
sediments onto a delta (Galloway, 1977). Inland, closer to sediment source areas, coarser fluvial 
and deltaic sand, silt, and clay sediments predominate, while offshore they grade into mainly 
finer brackish and marine sediments. Isostatic adjustment caused subsidence of the basin and a 
simultaneous rise of the land surface, which resulted in a progressive thickening of the 
stratigraphic units towards the gulf. Progressively younger sediments outcrop towards the coast. 
The older Eocene- to Miocene-aged sediments in the western portion of the study area are 
comprised of thickly-bedded fluvial sands. These sands are occasionally interbedded with 
tuffaceous ash that was probably derived from source areas in the Davis Mountains and other 
volcanic centers in Trans-Pecos Texas (Sellards and others, 1932). 

Galloway and others (2000) compiled eighteen major depositional episodes in the Gulf of 
Mexico basin using lithofacies, thickness, stratigraphic architecture, and facies association maps. 
For the northern and central portion of the Texas Gulf Coast, they identified six sediment 
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dispersal systems that sourced large deltas named Norias, Rio Grande, Carrizo, Corsair, Houston, 
Red River and related shore zone, shelf, and basinal systems (Figure 2-11). Two prominent 
fluvial-dominated delta systems, the Houston delta and the Holly Spring delta, established 
sediment dispersal patterns in the northern Gulf Coast (Fisher and McGowen, 1967; Galloway, 
1968; Xue and Galloway, 1993). The Houston delta is the largest and sandiest and is fed by bed-
load fluvial systems. The smaller Holly Springs delta is separated from the Houston delta by a 
broad shore-zone system. The Rio Grande axis lies within the Rio Grande embayment and the 
Houston axis is centered within the Houston basin. The Rosita and Corsair systems encroached 
onto the San Marcos arch in central Texas. Clastic sediment contribution declined and carbonate 
accumulation continued for most of the southeastern gulf (Yucatan platform) throughout the 
Cenozoic (Galloway and others, 2000). During the late Pliocene and Pleistocene, climatically 
enhanced runoff and erosion in the southern Rocky Mountain uplands rejuvenated sediment 
supply through the Rio Grande drainage network (Galloway, 2005). 

Solis (1981) studied the Pliocene–Pleistocene sections of the central part of the Texas Gulf 
Coast. He concluded that geographic locations of the various fluvial systems remained relatively 
persistent, but the locations of the depocenters shifted at different times. For example, 
depocenters shifted from the present-day locations of Jackson, Matagorda, Wharton, and Victoria 
counties to Refugio, Calhoun, and Aransas counties during the deposition of the lower Fleming 
and the Goliad and the Willis sands (Solis, 1981). 

Sediments of the Chicot, Evangeline, and Jasper aquifers and the Burkeville confining system 
were deposited on steep slopes dipping toward the gulf. The dip of the beds is nearly 
perpendicular to the coastline. Slopes of the bases of the aquifers are highly variable with abrupt 
changes observed between nearby wells (Chowdhury and Mace, 2003). The deeper aquifers 
generally have a base with higher slopes than the shallower aquifers. The steep slopes of the 
aquifers were probably caused by a combination of growth faulting and deep-seated movements 
of salt domes. The Burkeville confining system and the Jasper aquifer host irregular bottoms that 
locally thicken to develop sediment wedges. Near the coastline in the southern part of the Texas 
Gulf Coast, the bottom of the Chicot aquifer lies at an elevation of -1,200 feet, the bottom of the 
Evangeline aquifer at an elevation of -2,600 feet, the bottom of the Jasper aquifer at an elevation 
of -8,000 feet, and the bottom of the Burkeville confining system at an elevation of -5,000 feet 
(Chowdhury and Mace, 2003). 

Sediment thickness increases from the west to the east towards the Gulf of Mexico. Thickness 
maps for the aquifers show a maximum thickness of 1,200 feet in the Chicot aquifer, 2,800 feet 
for the Evangeline aquifer, 3,200 feet for the Jasper aquifer, and 1,600 feet for the Burkeville 
confining system in the southern part of the Gulf Coast (Chowdhury and Mace, 2003). While all 
east-west cross sections show a general thickening of the aquifers down-dip towards the Gulf of 
Mexico, the aquifers are relatively uniform in thickness from north to south. 

Occurrences of numerous paleo-caliche horizons (calcium carbonate that occur between 
interstitial pores from near surface evaporation of groundwater) in the Gulf Coast aquifer 
sediments indicate that a consistently dry condition perturbed the more humid climate during 
deposition in the Miocene and the Pleistocene periods (Galloway, 1977). 
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Stratigraphy 
In the Texas Gulf Coast, considerable heterogeneity of the sediments, discontinuity of the beds, 
and a general absence of index fossils and diagnostic electric log signatures in the subsurface 
often make correlation of the lithologic units difficult. Since 1903, at least seven stratigraphic 
classifications have been proposed (Kreitler and others, 1977). Guevera-Sanchez (1974) 
identified only the Beaumont and undifferentiated Lissie-Willis sands in the subsurface. Rose 
(1943a) classified the upper Miocene and Pliocene-Pleistocene sediments into seven zones based 
on permeability and sand percentage. The most permeable and heavily pumped Alta Loma Sand 
lies within zone 7 (Rose, 1943b). Wood and others (1963) considered the Beaumont Clay as a 
confining unit that extends from the land surface to the top of the Alta Loma Sand. Jorgensen 
(1975) classified Rose’s zones into the Chicot aquifer, with the Alta Loma Sand at its base, and 
defined the underlying units as the Evangeline aquifer. 

From oldest to youngest, he classified the Tertiary rocks into the Frio Formation, the Anahuac 
Formation, and the Catahoula Tuff or Sandstone (early Miocene); the Oakville Sandstone and the 
Fleming Formation (mid- to late-Miocene); the Goliad Sand (Pliocene); the Willis Sand, Bentley 
Formation, Montgomery Formation, and Beaumont Clay (Pleistocene); and alluvium (Holocene) 
(Baker, 1979) (Figure 2-12). The Catahoula Tuff or Sandstone, Goliad Sand, Willis Sand, and 
Beaumont Clay are often interchangeably referred to in the literature as formations (Sellards and 
others, 1932; Baker, 1979). Given the complexity of identifying the base of the Pleistocene from 
electric logs, several nomenclatures have been used to characterize these sediments. For 
example, Solis (1981) defined the base of the Pleistocene to be represented by the Lissie 
Formation. The undifferentiated Lissie Formation has also been considered equivalent in age to 
the Montgomery and the Bentley formations with the bottom of the latter being considered the 
base of the Pleistocene (Dutton and Richter, 1990). The Montgomery Formation is also 
occasionally included within the Beaumont Clay (Baker and Dale, 1961). In place of the 
Montgomery and the Bentley formations, the undifferentiated Lissie Formation of equivalent age 
occurs in the Lower Rio Grande Valley (Baker and Dale, 1961; Bureau of Economic Geology, 
1976). The stratigraphic section of Baker (1979) is the basis for the summary information that 
follows. 

Oligocene Series 

Although some controversy exists in the literature, the Oligocene-aged sediments constitute the 
base of the Gulf Coast aquifer in Texas. The contact between the Oligocene-aged sediments and 
the underlying Eocene-aged sediments is mostly indistinguishable based solely on lithology. 
Paleontological differences associated with the Oligocene and Eocene Series are more 
commonly used to identify the difference between the two units. Throughout the entire extent of 
the Gulf Coast aquifer, most of the marine deposits in the lower part of the Oligocene belong to 
the Vicksburg Group or equivalent strata (Hosman, 1996). The Vicksburg Group is a regional 
confining unit that separates the Coastal Uplands aquifer system from the Coastal Lowlands 
aquifer system and consists primarily of marine clays and thin-bedded sandstones of the Eocene-
aged Jackson Group and the Oligocene-aged Frio Clay, or Frio Formation, in the subsurface. 
Above this predominantly marine sequence that lies in the lower part of the Oligocene deposits,  
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Figure 2-12. Stratigraphic column showing sediment successions formed during the Oligocene to the 
Pleistocene periods. Hydrostratigraphic divisions for corresponding stratigraphic units are 
indicated (after Baker, 1979). 

the sediments become more arenaceous (sandier) and contain higher amounts of volcanic 
tuffaceous sandstones and bedded tuff in South Texas (Hosman, 1996). 

The age of the Frio Formation has been debated for many years, but for the purpose of this paper, 
we consider it to lie at the base of the Oligocene sequence. The Frio Formation is an assemblage 
of sediments that are almost entirely composed of dark, greenish-gray colored clays above the 
Eocene-aged Fayette sands in South Texas (Sellards and others, 1932). The clays can be 
gypsiferous, laminated, and interbedded with sandy clays, sands, and sandstone. Silicious and 
calcareous concretions can occur in the sediments and the sediments are not generally 
fossiliferous. The thickness of the formation in outcrop varies from about 150 feet to 800 feet, 
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whereas beneath the surface the thickness ranges from 250 feet to 600 feet (Sellards and others, 
1932). The lack of sand and fossils in the sediments suggest that the adjoining land masses were 
low and near sea level during deposition and that the clays may have had a fresh-water origin. 

The Catahoula Formation unconformably overlies the Frio Formation, which is unconformably 
overlain by the Oakville Formation (Figures 2-12, 2-13, and 12-14) (Baker, 1979). The basal 
contact of the Catahoula Formation is delineated by the presence of coarse-grained sand and 
conglomerate and the underlying Jackson Sandstone in East Texas or the Frio Formation in 
South Texas. Specific information on the stratigraphy of the Catahoula Formation members can 
be found in Sellards and others (1932). The Catahoula Formation is composed of non-marine 
sands and clays and volcano-clastic deposits interbedded with fluviatile sediments. Surface 
hydrology dictated the degree of coarseness of the sediments, with larger sand grains deposited 
in the larger East Texas rivers and the finer sediments deposited in the smaller, lower-energy 
rivers of South Texas. All types and sizes of volcanic deposits are found in the Catahoula 
Formation, which suggests multiple source locations. The Catahoula Formation consists of 
approximately 60 percent volcanic material and 30 percent sandstone. The average thickness of 
the Catahoula Formation in the Texas Gulf Coast ranges from 200 to 600 feet in East Texas, 
thins to about 150 to 200 feet in Central Texas, and then thickens to about 800 to 1000 feet in 
South Texas. Downdip, the Catahoula Formation rapidly thickens and, at about 2,000 feet below 
sea level, a gulfward thickening accretionary wedge of fossiliferous marine clay appears in the 
upper section. This clay, called the Anahuac Formation,is overlain by the upper part of the 
Catahoula Formation and overlies the Frio Formation (Hosman, 1996). 

Miocene Series 

The Miocene sediments comprise the Jasper aquifer and the Burkeville confining system (Baker, 
1979), with the Jasper being the deepest confined water-bearing unit in the Gulf Coast aquifer 
system in Texas (Figures 2-12, 2-13, and 12-14). The depositional environment during the 
Miocene in the Gulf of Mexico Coastal Plain was essentially regressive. Intermittent sea-level 
reversals at various locations along the Gulf Coast produced minor transgressive cycles within 
the overall depositional pattern, resulting in fossiliferous marine strata ideal for correlations 
(Hosman, 1996). Typically, the sediments are complexly interbedded sands, silts, and clays with 
intermixed volcano-clastic and tuffaceous material. 

The Oakville Sandstone and the Fleming Formation are composed almost entirely of terrigenous 
clastic sediments containing interbedded sand and clays (Baker, 1979). The Oakville Sandstone 
unconformably overlies the Catahoula Formation and is unconformably overlain by the Lagarto 
Clay of the Fleming Formation. The Oakville Sandstone generally extends in outcrop from the 
Brazos River basin to the Rio Grande, with the exception of areas south of Duvall County, where 
it is overlain by Pliocene deposits. North of the Brazos River, it is lithologically indistinguishable 
from the Fleming Formation but can be correlated by using vertebrate fossils (Sellards and 
others, 1954). The thickness of the Oakville Sandstone increases southward and gulfward to 
more than 500 feet in some areas (Sellards and others, 1954). Unique marine fossils found in the 
sediments of the Oakville Formation are used to distinguish it from adjacent geologic units. 

The Fleming Formation extends throughout the Gulf Coast aquifer system in Texas and eastern 
Louisiana. In South Texas, the Fleming Formation is primarily composed of clays, with the  
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(a) 

 

Figure 2-13a. Cross-section showing thicknesses of the aquifers along strike (north-south) in the central 
and southern parts of the Gulf Coast. Cross-section lines are shown in inset map (from Solis, 
1981). Formations thicken downdip but remain relatively uniform in thickness along strike. 
Note sediment thickness varies considerably across faults, suggesting fault involvement 
during deposition. Depositional environment for each sediment facies and fresh water 
contact at depth are indicated. 

percentage of sand increasing eastward towards the Sabine River. The clay beds can be many 
different colors and the strata can contain a thin layer of chalky sandstone as well as finely 
crossbedded sands in some locations (Hosman, 1996). Although the Fleming Formation is 
lithologically similar to the Oakville Sandstone, it is easily differentiated from the Oakville 
Sandstone in some places by its greater percentage of clay (Baker, 1979). While it is only about 
200 feet thick in the outcrop, the Fleming Formation is thousands of feet thick downdip along the 
coast (Hosman, 1996). The Fleming Formation contains the Burkeville confining system and 
may include portions of both the Jasper aquifer at depth and the Evangeline aquifer towards up-
dip areas. The Fleming Formation defines the most up-dip extent of the Miocene-aged water-
bearing units in the Gulf Coast aquifer system in Texas. 
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(b) 

 

Figure 2-13b. Cross-section showing thicknesses of the aquifers down-dip (east-west) in the central and 
southern parts of the Gulf Coast (from Solis, 1981). 

Pliocene Series 

The Pliocene-aged sediments are for the most part very similar to the Miocene-aged sediments, 
but may differ somewhat lithologically (Hosman, 1996). Pliocene-aged sediments can be more 
arenaceous and interbedded than those of the Miocene-aged sediments; the clays are less 
calcareous and the sands more lignitic. However, considering these differences, the Pliocene 
sediments are difficult to distinguish from the underlying Miocene sediments. Additionally, 
distinguishing between the Pliocene-aged sediments and the overlying Pleistocene-aged 
sediments is difficult and has resulted in similar degrees of controversy amongst geologists. 

The Goliad Formation overlies the Fleming Formation and consists of coarse-grained sediments, 
including cobbles, clay balls, and wood fragments at the base of the formation (Hosman, 1996). 
The upper part of the Goliad Formation consists of finer-grained sands that are cemented with 
calcium carbonate called caliche (Hosman, 1996). Caliche is a surface deposit formed in semi-
arid climates by the evaporation of surface waters carrying calcium bicarbonate in solution,  
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leaving the calcium carbonate precipitated in the pore spaces within the sand and gravel beds 
(Sellards and others, 1954). The irregular bedding, presence of gravel, and presence of some 
caliche in the Goliad Formation suggest a high-energy riverine depositional environment early in 
the Pliocene with shorter duration of semi-aridity throughout the Pliocene. The sands of the 
Goliad Formation are interbedded with grayish clays that are locally marly (Hosman, 1996). The 
sands in the Goliad Formation are typically whitish gray or pinkish grey, but in areas of 
increased amounts of chert it can have a salt-and-pepper appearance (Sellards and others, 1932). 
The Goliad Formation is entirely within the Evangeline aquifer and the upper boundary of the 
Evangeline aquifer probably follows closely with the top of the Goliad Formation where present 
(Baker, 1979). 

Pleistocene and Holocene Series 

The depositional environment of the Pleistocene-aged sediments is consistent with the erosional 
and sedimentary cycles associated with periods of glaciation and coincident sea-level variations. 
Coastal terrace deposits and a fining upward sequence are typical of glacial cycling (Hosman, 
1996). The Lissie Formation and Beaumont Clay are the two dominant subdivisions of the 
Pleistocene system. The Alta Loma Sand and the Willis Formation are locally extensive, occur 
over a small geographic area, and represent part of the Pleistocene system. The Holocene system 
consists of river alluvium and coastal deposits. The Chicot aquifer is contained entirely within 
the Pleistocene- and Holocene-aged sediments. 

The Alta Loma and Willis sands are complexly faulted. These fluvial-deltaic sediments have 
been identified in the subsurface in Harris, Galveston, Chambers, and Brazoria counties (Kreitler 
and others, 1977). Evaluation of electric logs shows a coarsening-upward sequence, commonly 
indicative of delta-front facies (Kreitler and others, 1977). The Alta Loma Sand doubles in 
thickness from 200 feet in Harris County to 400 feet in Brazoria and Galveston counties due to 
fault-induced displacement of the sand. 

The Willis Sand was used to describe a sequence of unfossiliferous sand and gravelly sand beds 
overlying the Fleming Formation in Southeast Texas (Doering, 1935; Solis, 1981). Plummer 
(1933) described these sediments as reddish, coarse, and gravelly sands with subordinate clays 
that grade into the Goliad Formation in the southwest of the Gulf Coast (Doering, 1935). In the 
Rio Grande region, the Willis Sand has not been identified (Weeks, 1937). 

The Lissie Formation is unconformably contained between the Goliad Sand and the overlying 
Beaumont Clay. The Lissie Formation crops out in a band parallel to the coast and is about 30 
miles wide from the Sabine River to the Rio Grande. The sediments of the Lissie Formation in 
the outcrop are partly continental deposits laid down on flood plains and partly as delta sands, 
silts, and mud at the mouth of rivers (Sellards and others, 1932). The Lissie Formation hosts 
flatter, gently undulating topography, and has much lower-dipping beds than the Goliad Sand. 
Lissie Formation sediments consist of reddish, orange, and gray fine- to coarse-grained, cross-
bedded sands. Over most of Brooks and Hidalgo counties to the south, the Lissie Formation is 
either eroded or covered by sand dunes. Thin beds of the Lissie Formation crop out over a small 
area in southern Hidalgo and northern Willacy counties. The sands in the Lissie Formation are 
fine-grained and the formation contains relatively less conglomerates than the underlying Goliad 
Sand. Caliche beds often mark the base of the Lissie Formation (Price, 1934). 
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The Beaumont Clay is contained between the underlying Lissie Formation and overlying 
Holocene-aged stream deposits and wind blown sands. It outcrops from the Sabine River in the 
east to Kleberg County in the south. The Beaumont Clay is made up of poorly bedded, marly 
clay and is interbedded with lenses of sand in the north (Figure 2-15) (Sellards and others, 1932). 
In South Texas, the Beaumont Clay forms a thin mantle that extends eastward from Rio Grande 
City in Starr County to Hidalgo County (Weeks, 1937). In Starr and western Hidalgo counties, 
the Beaumont Clay is sandy but is composed of reddish-brown clay and some sand beds farther 
east (Weeks, 1937). The Beaumont Clay is contemporaneous with the Beaumont Sand, which 
can be generally continuous on a local scale. The Beaumont sediments were deposited largely by 
rivers in the form of natural levees and deltas that coalesced as river mouths shifted along the 
coast and, to a lesser extent, by marine and lagoonal water in the bays and embayments between 
stream ridges and delta banks (Sellards and others, 1932). 

The Holocene-aged alluvial systems in the Texas Gulf Coast are local in scale and typically are 
included within the Chicot aquifer. The Brazos, Trinity, Nueces, and Rio Grande alluvial basins 
consist of terrace gravels, buried sand deposits, and point bar deposits with grain sizes ranging 
from clay to gravel. The flat-lying floodplain deposits typically consist of sand and gravel in the 
lower part and silt and clay in the upper part. This surficial system exhibits the largest outcrop 
area of all the units in the Texas Gulf Coast and provides a direct hydraulic connection in some 
cases between the surface water and groundwater systems. 
 
 

 

Figure 2-15. Photograph of a core of the Beaumont Clay at a depth of about 30 feet from a well near Houston. 
Whitish areas are carbonates, darker areas are organic matter, and pinkish (gray) areas are 
clay. Note tightness of the clay that retards any significant infiltration of recharge. 
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Conclusions 
1. The Gulf of Mexico Basin was formed by downfaulting and downwarping of the 

Paleozoic basement rocks during the breakup of the Paleozoic megacontinent Pangaea 
and opening of the North Atlantic Ocean in the Late Triassic. Sediments of the Gulf 
Coast aquifer in Texas were deposited in the costal plains of the Gulf of Mexico Basin 
during the Tertiary and the Quaternary periods. 

2. Structures in the Gulf Coast aquifer in Texas include the Balcones fault zone, Texas-
Mexia fault zone, San Marcos arch, Sabine arch, Rio Grande embayment, numerous 
growth faults, and salt domes. These structural features controlled the accumulation and 
distribution of sediments, as supported by the observation that bedding commonly thins 
towards and over the arches and thickens in the embayments. Most of the growth faults 
and salt domes are mainly caused by gravity acting on thick sedimentary sections 
deposited on abnormally pressured shale or salt that sole out above the basement to 
produce salt-flow structures and growth faults. Salt domes and growth faults provide 
structural and stratigraphic traps for oil and gas fields in the prolific hydrocarbon-
bearing Gulf of Mexico basin. 

3. Sediments of the Gulf Coast aquifer in Texas were deposited under fluvial-deltaic to 
shallow-marine environments. Repeated sea-level changes and natural basin subsidence 
produced discontinuous beds of sand, silt, clay, and gravel. Six major sediment 
dispersal systems that sourced large deltas distributed sediments eroding from the 
Laramide Uplift along the central and southern Rockies and the Sierra Madre Oriental 
in northern Mexico. Geographic locations of the various fluvial-dominated systems 
remained relatively persistent, but the locations of the depocenters where thickest 
sediment accumulations occurred shifted at different times. 

4. Rapid sediment loading in fluvial deltas caused overpressure zones to develop in the 
subsurface. Overpressure developed as connate water trapped during deposition was 
unable to escape during rapid burial of the sediments, giving rise to high fluid pressure. 

5. The stratigraphic framework of the Gulf Coast aquifer sediments is complex and 
controversial, with disagreement over which units are equivalent in age and how they 
correlate with each other in the outcrop or the subsurface. The considerable 
heterogeneity of the sediments, discontinuity of the beds over short distances, a general 
absence of index fossils or marker beds, and an absence of diagnostic electric log 
signatures in the subsurface often make correlation of the lithologic units difficult. 

6. The Gulf Coast aquifer in Texas consists of five hydrostratigraphic units, from oldest to 
youngest: the Catahoula Confining System, the Jasper aquifer, the Burkeville confining 
system, the Evangeline aquifer, and the Chicot aquifer. Although several stratigraphic 
classifications have been proposed, this classification scheme, based on detailed faunal 
information, lithology and electric log signatures, and hydraulic characteristics of the 
sediments can be successfully used for facies correlations over most of the Texas Gulf 
Coast. Therefore, this classification is widely accepted by the geologic community. 
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Chapter 3 

The Yegua-Jackson Aquifer 
Richard D. Preston, P.G.1 

Introduction 
The occurrence of usable quality water is very erratic through most of the extent of the Yegua-
Jackson aquifer. However, over much of this area, few other economically viable sources of 
groundwater are available. In some of the area, water-bearing sediments of the Carrizo-Wilcox, 
Queen City, and Sparta aquifers dip beneath the Yegua-Jackson aquifer, but the expense and 
depth of required wells and/or possible treatment of poorer water quality complicates possible 
use. The aquifer is located north of the Gulf Coast aquifer and south of the Carrizo-Wilcox, 
Queen City, and Sparta aquifers. Total water use from the aquifer is relatively high and the 
Yegua-Jackson aquifer is currently providing water for most purposes. Historically, the Jackson 
Group and the Yegua Formation were considered under the umbrella term “other aquifer” by the 
U.S. Geological Survey (USGS) and the Texas Water Development Board (TWDB) (Ashworth 
and Hopkins, 1995). The aquifer was delineated in the preparation of the TWDB’s 2002 Water 
Plan as a minor aquifer to be called the Yegua-Jackson aquifer. The delineation was deemed 
necessary because of the large number of wells in the TWDB files and the relatively large use of 
water from this source. 

Location and Extent 
The Yegua-Jackson aquifer extends in a narrow band (15 to 40 miles wide) from the Rio Grande 
and Mexico across the state to the Sabine River and Louisiana. This band is from 70 to 120 miles 
inland and of generally parallels the Gulf of Mexico coast. The extent of the Yegua-Jackson 
aquifer is shown on Figure 3-1. The aquifer as currently delineated extends over parts of 35 
counties (Texas Water Development Board, 2002). 

Climate and Geography 
The climate of the area of Texas covered by the Yegua-Jackson aquifer is sub-tropical and is 
humid in the eastern and central part, subhumid in the western part, and steppe along the Rio 
Grande. Rainfall varies greatly across the extent of the aquifer, from an average of over 50 
inches per year in Sabine County on the Louisiana border in East Texas to about 20 inches per  

                                                 
 
1 Private consultant, formerly with Texas Water Development Board 
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Figure 3-1. Extent of the Yegua-Jackson aquifer in Texas. 

year in Starr County on the Mexican border in the Lower Rio Grande Valley in far South Texas. 
Gross lake-surface evaporation ranges from about 31 inches per year on the Sabine River in East 
Texas to about 51 inches per year on the Rio Grande in West Texas (Larkin and Bomar, 1983). 
From east to west, the aquifer is crossed by the Sabine, Trinity, Angelina, Brazos, Colorado, 
Guadalupe, San Antonio, and Nueces rivers and the Rio Grande. The area is part of the upper 
coastal plain of the Gulf of Mexico, and local relief is generally a few tens of feet, with the land 
surface sloping gently to the south and east toward the coast (Larkin and Bomar, 1983). Some of 
the rare, isolated, indurated sandstones within the section hold up a few low, strike-oriented hills 
and questas with slightly greater relief. 



 
 

53

Previous Investigations 
Little previous detailed work has been completed on the Yegua-Jackson aquifer in Texas. 
Despite the fact that the Yegua Formation and the Jackson Group are represented in USGS and 
TWDB by more than 1,600 wells in TWDB and USGS databases, these aquifers were not 
recognized as a named aquifer until the 2002 state water plan. Since the surface areas of the two 
aquifers are contiguous and sometimes overlap, they were delineated as one aquifer, the Yegua-
Jackson. 

Significant studies of oil and gas, lignite, and uranium occurrence and mining from the Yegua 
Formation and Jackson Group rocks are included in the References section of this report and are 
the source of much of the geologic information available. TWDB and USGS reports have been 
completed for several of the 35 counties that are at least partially underlain by this aquifer. 
Again, these have been listed in the References section. 

The database of the TWDB contains records of more than 1,600 wells completed at least 
partially in the rocks of the Yegua-Jackson aquifer, along with many chemical analyses, water 
levels, driller’s logs, and other information. This data is available in the TWDB offices or on the 
TWDB web site (www.twdb.state.tx.us). 

Hydrogeology 
The Yegua Formation (part of the upper Claiborne Group) and the Jackson Group (made up of 
the Whitsett, Manning, Wellborn, and Caddell formations) are part of the upper Eocene–
Pleistocene series of cyclic progradational sedimentation (Figure 3-2). These cycles were 
controlled by land subsidence along the coast as a part of the Gulf Coast geosyncline and 
coastline migration in response to periodic glaciation, which reduced the area of the gulf and 
oceans. They consist of complexly interbedded sands, silts, and clays that are fluvial and deltaic  

 

Figure 3-2. A simplified stratigraphic column of the Upper Claiborne and Jackson groups (modified from 
Jackson and Garner, 1982). 
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in origin (Galloway and others, 1979). A few thin clays and shales are probably of marine origin, 
representing minor transgressive pulses. These sequences thicken greatly into the subsurface 
toward to coast and into the gulf geosyncline (Hamilton, 1994). The source of much of these 
sediments is volcanic. In some areas, significant amounts of lignite occur within both the Yegua 
Formation and the Jackson Group. They are thought to have been deposited in swampy areas 
along the rivers and along the coastal flatlands (Jackson and Garner, 1982). The rocks of the 
Cook Mountain Formation, which underlie the Yegua Formation, are mostly marine (Jackson 
and Garner, 1982). The sediments of the Catahoula Formation, which overlie the Jackson Group, 
are thought to be fluvial. The Catahoula Formation is overlain by sediments that represent the 
start of a major transgressive cycle (Galloway and others, 1979). 

Groundwater occurs within the sand units of the aquifer, with the more significant amounts of 
water occurring within areas of more extensive fluvial channel sands and thick deltaic sands. 
Thus many of the more productive existing wells are found within the trends of the ancestors of 
such rivers as the Trinity, Colorado, and Brazos (Jackson and Garner, 1982). Usable quality 
groundwater is generally limited to sands in the outcrop or slightly downdip. 

Strike within these sediments generally parallels the present Texas gulf coast. Dip varies from 
about 20 to 360 feet per mile, steepening toward the coast and into the gulf basin. Within the area 
delineated as the Yegua-Jackson aquifer, the steeper dips are often associated with salt domes 
that partially penetrate the underlying sediments (Jackson and Garner, 1982). 

The main source of recharge to the Yegua-Jackson aquifer is from rainfall and runoff on the 
outcrop of the sandy, more permeable part of the aquifer. Significant additional recharge is 
derived from the rivers and their tributaries crossing the outcrop area. Within the floodplains of 
some of the rivers, recent alluvial deposits overlie some of the permeable sands and provide 
another source of additional recharge. Remnants of older Tertiary alluvial deposits of sand and 
gravel occur erratically at higher elevations and also provide recharge to the Yegua-Jackson 
aquifer (Jackson and Garner, 1982). As indicated by springs and seeps in parts of the lower 
topographic areas, a significant part of the water recharged to the aquifer is rejected back to the 
streams as spring and return flow. Additional discharge is through wells. 

Known well yields range from a few gallons per minute (gpm) to over 300 gpm. Properly 
located, designed, and constructed wells sited in the most productive areas might produce up to 
500 to 600 gpm. Figure 3-3 shows long-term water level changes in several wells located in 
different parts of the aquifer. Numerous TWDB reports discussing the occurrence and chemical 
quality of groundwater for individual counties contain information on the Yegua-Jackson 
aquifer. Well data for over 1,600 wells is available in the data files of the TWDB. 

Water Quality 
The chemical quality of groundwater produced from wells and springs completed in the rocks of 
the Yegua-Jackson aquifer is extremely erratic (Jackson and Garner, 1982). It is affected by the 
composition of the mostly volcanic sediments that make up the aquifer and by the lignite and 
radioactive compounds that have been deposited and/or emplaced within these rocks. This has 
led to the occurrence of relatively high concentrations of chloride and sulfate even within quite  



 
 

55

 

Figure 3-2. Well hydrographs showing water levels over time in the Yegua-Jackson aquifer. 
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shallow sands near these minerals. Numerous instances of high radioactivity have been found in 
water produced in and near the areas of uranium occurrence and mining. 

Where the thicker, more extensive sands of fluvial and deltaic origin occur on the outcrop and 
slightly down dip, significant amounts of fresh-to slightly-saline water are available from the 
Yegua-Jackson aquifer. Much of this water meets the requirements for most uses, including 
public supply. In some cases, even when limits are exceeded, no other economically viable 
source is available. As reported before, several TWDB groundwater reports with tabulations of 
chemical analyses and discussions of ground-water quality within individual counties are listed 
in the Reference section. Chemical analysis data for many Yegua-Jackson wells are available in 
the files of the TWDB. 

Conclusions 
The Yegua Formation and the Jackson Group have been delineated as an aquifer that extends 
across the inner coastal plain of Texas from the Sabine River to the Rio Grande. Wells drilled on 
the outcrop or slightly downdip can produce significant amounts of water for domestic, 
livestock, irrigation, public, and industrial supplies. Yields of most existing wells are usually 
small, but a few range up to over 300 gpm. Chemical quality of much of the water produced 
from this aquifer is generally fresh to slightly saline (less than 3,000 milligrams per liter total 
dissolved solids). No detailed groundwater studies have been completed for the aquifer. The only 
groundwater-specific studies are older one- or two-county reports completed by the staffs of the 
USGS and the TWDB (and its predecessor agencies). No estimate of annual recharge, water in 
storage, and future groundwater availability has been made for the Yegua-Jackson aquifer. A 
comprehensive regional study of the entire extent of the Yegua-Jackson is needed, especially for 
the purpose of making a realistic estimate of the availability of groundwater from the aquifer. 
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Chapter 4 

Conjunctive Use of the Brazos River  
Alluvium Aquifer 

David O’Rourke, P.G., P.E.1 

Introduction 
This paper presents some basic hydrogeologic data describing the Brazos River Alluvium 
aquifer, culled from various published sources. This paper also presents the results of a 
groundwater model of a section of the Brazos River Alluvium that was developed to examine the 
conceptual feasibility of a managed enhanced recharge project. Much of this work was done for 
the Brazos G Regional Water Planning Group during the preparation of the 2002 State Water 
Plan. 

Hydrogeologic Data 
The Brazos River Alluvium is identified by the Texas Water Development Board (TWDB) as a 
minor aquifer in the State of Texas. The aquifer extends from Whitney Dam in the northwest to 
Fort Bend County in the southeast (Figure 4-1). The deposits of the Brazos River Alluvium are 
comprised of Quaternary-aged unconsolidated clay, silt, sand, and gravel deposited by flooding 
of the Brazos River and Little Brazos River. Older alluvial terrace deposits also occur contiguous 
with the alluvium. The thickness of the Brazos River Alluvium exceeds 100 feet in some isolated 
downstream areas but averages approximately 45 to 50 feet throughout its extent. 

Within the model area, thickness of the aquifer is approximately 50 to 60 feet. The Brazos River 
Alluvium in the model area is underlain by older Cretaceous and Eocene-aged deposits (Figure 
4-2), some of which comprise major or minor aquifers. In general, the piezometric heads in the 
underlying water-bearing formations are greater than the piezometric head in the Brazos River 
Alluvium, which indicates an unquantified amount of recharge to the alluvium from the 
underlying formations. 

Groundwater in the aquifer occurs under water table conditions (that is, there is no contiguous 
confining layer located above the aquifer). Water table elevations slope toward the Brazos River, 
indicating that the Brazos is gaining flow supplied by aquifer discharge. It is unclear from 
published data whether the Little Brazos River is a gaining reach. 

                                                 
 
1 HDR Engineering, Incorporated 
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Figure 4-1. Brazos River Alluvium and Gulf Coast aquifers. 
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Figure 4-2. Geologic map with Brazos River Alluvium aquifer. 
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Recharge to the aquifer occurs primarily through direct precipitation onto the aquifer surface and 
subsequent percolation of a portion of this precipitation to the saturated zone of the alluvium. A 
minor amount of recharge may be supplied to the aquifer from upward vertical leakance from the 
underlying bedrock formations that are crossed by the alluvium. Discharge from the aquifer 
occurs through seepage into the Brazos River, evapotranspiration, and wells. The primary use of 
groundwater from the aquifer is for local irrigation. Recent estimates of groundwater use from 
the aquifer are approximately 25,000 acre-feet per year. 

Following is a summary of reported data describing the hydrogeologic properties of the Brazos 
Alluvium aquifer from Cronin and Wilson (1967): 

•  Reported transmissivity estimates in the Brazos River Alluvium range from 50,000 
gallons per day per foot (gpd/ft) to 300,000 gpd/ft. 

•  Reported laboratory permeability (hydraulic conductivity) values range from less than 1 
foot per day up to 2,400 feet per day, with an average value of about 290 feet per day for 
19 samples collected. 

•  Reported specific yield estimates range from 4 to 35 percent and average approximately 
24 percent. A conservative estimate is probably 15 percent. 

•  Well yields from large irrigation supply wells located in thick portions of the alluvium 
are typically between 250 and 500 gallons per minute. 

•  Water quality varies widely throughout the aquifer, with total dissolved solids 
concentrations reported from less than 500 milligrams per liter to greater than 3,000 
milligrams per liter (Figure 4-3). 

•  On the basis of reported saturated thickness and a storage value of 15 percent, it is 
estimated that nearly 3,000,000 acre-feet of water is in storage in the aquifer. 

Groundwater Model Development 

Background 

During analysis of water management strategies for the 2001 State Water Plan, the feasibility of 
a conceptual conjunctive use project utilizing the Brazos River Alluvium was evaluated for 
Region G. Conjunctive use is proposed to be accomplished through enhanced recharge to the 
aquifer for temporary storage during times of adequate precipitation and river flow and 
subsequent recovery from the aquifer during times of low precipitation and reduced river flow. It 
should be noted that this project is conceptual in nature: no actual project is being pursued on the 
ground at present. As part of the analysis, a groundwater model was developed to evaluate 
hydrologic conditions associated with operation of the project. The purpose of this model is to 
assess the potential for conjunctive use of surface water from the Brazos River and groundwater 
from the alluvial aquifer. The model is used to examine the response of the aquifer system to 
enhanced recharge, to monitor the movement of this recharge water through the system, to 
evaluate potential water losses from the system, and to determine an appropriate operational 
cycle for recharge and recovery (that is, long-term drought-proofing vs. fixed seasonal operation  
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Figure 4-3.    Groundwater quality in the Brazos River alluvium aquifer. 
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schedule). The area of the aquifer identified for this study is located in Robertson, Milam, 
Burleson, and Brazos counties between the city of Calvert and State Highway 21 (Figure 4-2). 

Structure 

The Brazos River Alluvium, which is actually comprised of numerous interfingering layers of 
sand, silt, clay, and gravel, was represented as a single hydrogeologic layer. The model was 
restricted to a single layer for simplicity. Reliable data regarding flow between the alluvium and 
the underlying Carrizo-Wilcox aquifer is difficult to obtain and would have introduced an extra 
calibration variable with no observed data to calibrate to. 

A finite difference grid consisting of 100 rows and 300 columns was developed and aligned so 
that model rows were approximately parallel to the Brazos and Little Brazos rivers. Grid cells 
were sized to be 500 feet square in order to capture groundwater movement at a local scale. The 
model grid area is displayed on Figure 4-4. 

 

Figure 4-4. Groundwater model area with hydraulic conductivity zones 

Digital elevation data from the U.S. Geological Survey were used to determine land surface 
elevations, and the data was imported using ArcView GIS software to populate the model grid 
cells with appropriate values. Structure maps from Cronin and Wilson (1967) were used to 
determine the elevation of the base of the alluvium. Ten-foot contours of this data were digitized 
and imported into the model using Ground Water Vistas, and an internal kriging procedure was 
utilized to populate all model gird cells with appropriate values. 

Boundary Conditions 

The following section describes boundary conditions adopted for the groundwater model 
development: 

•  No-flow boundaries were imposed in all non-alluvium cells. 

•  A constant head boundary of 300 feet was defined at the northern upgradient edge of the 
model (near Calvert). 
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•  The MODFLOW General Head Boundary (GHB) package was used to simulate the 
southeastern downgradient edge of the model (near Highway 21) with an assigned head 
of approximately 205 feet above mean sea level.  

•  The Brazos River and the Little Brazos River were represented using MODFLOW’s 
River Package. A free water surface two feet higher than the stream bed surface elevation 
was assigned in both rivers. 

•  MODFLOW’s Drain Package was used to simulate small ephemeral creeks on the 
alluvium surface that might be supplied by discharge from the alluvium under high water 
table conditions. 

•  MODFLOW’s Well Package was used to simulate existing irrigation wells within the 
model area as well as the enhanced recharge and recovery operations. 

•  MODFLOW’s Recharge package was used to simulate direct recharge to the aquifer 
surface from precipitation. An initial estimate of eight percent of precipitation based on 
Cronin and Wilson (1967) was reduced to four percent of precipitation during model 
calibration. 

•  Evapotranspiration was simulated using MODFLOW’s ET Package. 

Aquifer Parameters  

Hydraulic conductivity was represented using five different zones, varying from 100 to 200 feet 
per day, based on examination of well test data available in Cronin and Wilson (1967) (Figure 4-
4). 

A storage coefficient (specific yield) of 0.15 was used for the model. This is a typical storage 
coefficient used to represent water table conditions and is corroborated by Cronin and Wilson 
(1967). 

Well pumpage values for the irrigation supply wells in the model were generated by evaluating 
aquifer use totals by county and then applying a typical irrigation use pattern with adjustments 
made for unusual precipitation conditions. A basic monthly water use distribution for the Brazos 
River Basin was modified to take into account rainfall totals during the calibration period. In 
months where the actual rainfall received was significantly less than the average rainfall for that 
month, the pumpage distribution factor for that month was increased to allow for greater 
pumpage. Conversely, in months where the actual rainfall received was significantly greater than 
the average rainfall for that month, the pumpage distribution factor for that month was decreased. 

As mentioned previously, recharge was initially assigned a value of eight percent of precipitation 
measured at the College Station rain gage. This value was adjusted downward to four percent of 
precipitation during calibration. 

Evapotranspiration rates used for the model area were derived from the Priestly-Taylor method, 
and an annual time series of twelve monthly values was applied to the model for the runs. 
Evaporation rates varied from approximately 5.2×10-3 feet per day (1.6 millimeters per day) to 
2.6×10-2 feet per day (8 millimeters per day). The extinction depth was set at 15 feet.  
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The river package in MODFLOW simulates hydrologic interaction between rivers and the 
surrounding aquifer. Flow to and from the rivers is based on head differences between the river 
stage and the groundwater level in the model cell containing the river. Data required are the 
elevation of the stream bed, the stage elevation of the stream, the thickness of the river bed, and 
hydraulic conductivity of the stream bed sediments. River bed conductance is a calculated 
parameter which controls the flux rate of water between the river and the aquifer. The Brazos 
and Little Brazos rivers were represented as having a river stage of two feet during the course of 
the model runs. Initial estimates of conductance ranged from 2.0×104 to 2.0×105 square feet per 
day and were adjusted during calibration. 

The drain package in MODFLOW allows water to be drained from the model through other 
mechanisms. This package may be used to represent a variety of physical situations. For this 
model, the drain package was used to represent the occurrence of high groundwater table 
conditions recharging ephemeral stream beds, whereupon the water lost from the aquifer would 
flow from these stream beds into the larger river system. 

Model Calibration 
Once the basic data sets were assembled, a steady state version of the model was run. Average 
data values were used for all packages which had annual time series (well, recharge, and 
evapotranspiration). The purpose of this model run was to develop “average” starting heads for 
use in transient simulations and to perform initial calibration prior to the start of the transient 
calibration runs. 

After the steady-state model had been successfully run, a transient model was developed which 
utilized monthly stress periods so that the seasonal irrigation patterns of groundwater pumpage 
and recharge could be simulated. The calibration period selected for this model was from 
January 1987 to December 1992. This period was selected because groundwater pumpage data, 
well water level data, precipitation data, and streamflow data were readily obtainable. In 
addition, during this time period, a majority of the wells within the study area displayed a 
decreasing water level from the period 1987 to 1990 and then an increasing water level from 
1990 to 1992. It was determined that this cycle (a decreasing water level rebounding in the latter 
part of the calibration period) would provide an opportunity to calibrate the model to both rising 
and falling water level conditions. 

Eleven wells in the model area, which are regularly monitored for water levels by the TWDB, 
were selected as calibration targets. Water-level data were obtained from the database available 
on the TWDB Web page. These wells are broadly spaced and represent a reasonably 
homogeneous spatial distribution within the model area. Calibration target well locations are 
shown in Figure 4-5. Each of these wells had between four and seven recorded water levels 
during the calibration period for a total of 121 separate calibration target water levels. 

During calibration, the initial recharge estimate was reduced from eight percent to four percent 
of precipitation. The initial estimate of 8 feet for evapotranspiration extinction depth was 
increased to 15 feet, which is consistent for values used in sandy soils in other Central Texas  



 
69

 

Figure 4-5. 
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groundwater models. The values for river bed conductance, which originally ranged from 
2.0×104 to 2.0×105 square feet per day, were adjusted upward during calibration. 

Calibration is often guided by examination of the total residuals of the model run. A residual is 
the difference between the field measurement and the model-computed value. A summary of the 
residual statistics for the Brazos River Alluvium model calibration is presented in Table 4-1. The 
mean residual for all 121 calibration targets was -3.4 feet. A plot of observed versus simulated 
heads is displayed in the upper plot of Figure 4-6. For reference, the diagonal line drawn across 
the graph represents a perfect match between observed and computed head values. This graph 
displays a reasonable correspondence between the observed and model-computed values. The 
lower plot in Figure 4-6 presents another representation of the calibration results, plotting 
observed head values versus the corresponding residual value. This graph makes it apparent that 
most of the calibration residuals are negative, indicating that, for the most part, the computed 
values are higher than field-measured values. 

Table 4-1. Residual statistics for the Brazos River Alluvium model calibration. 

Residual Mean -3.43 
Res. Std. Dev. 4.65 
Sum of Squares 2301 
Abs. Res. Mean 4.57 
Min. Residual -15.98 
Max. Residual 5.01 
Head Range 67.00 
Std/Head Range 6.94% 

Conjunctive Use Testing Applications  
Once the model was sufficiently calibrated to represent observed groundwater levels, model 
simulations were set up to test the feasibility of a conjunctive use project in the aquifer system. 
The conjunctive use project that was simulated was designed to be consistent with the water 
supply project outlined in Chapter 5.19 of the 2001 Brazos G Regional Water Plan, “Conjunctive 
use of the Brazos River alluvium” (HDR Engineering and others, 2001). The referenced chapter 
summarizes the project description, design calculations, cost estimates, and environmental 
implications of a project that would divert high river flows from the Brazos River to a series of 
infiltration basins or injection wells on the alluvium surface. 

A note should be made regarding the semantics of the following discussion. The project as 
proposed recommends using infiltration basins to enhance recharge to the aquifer. In the model, 
however, the enhanced recharge is simulated using injection wells in the well package. This was 
done simply because it is easier to use the well package than the recharge package to create and 
manipulate the necessary MODFLOW data files. It is irrelevant to the model whether the well 
package or recharge package is used—the water is delivered either way. For the purposes of this 
report, however, enhanced recharge will heretofore be referred to as “injection” and recovery 
will be referred to as “extraction”. 
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Figure 4-6. Observed water levels versus residuals. 
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In the proposed project, it was conservatively estimated that infiltration ponds could accept water 
at 0.5 inches per hour. If the ponds were sized to be one acre, this is equivalent to injection of 
one acre-foot per day for each pond built. It was proposed that 90 such ponds be built to handle 
the full project as designed, resulting in delivery to the aquifer of approximately 90 acre-feet per 
day, or 2,700 acre-feet per month. Ninety acre-feet per day were injected into the model using 
the well package over a total of 45 cells located slightly south of the center axis of the alluvium 
between the two rivers. This assumed two acres of pond in each cell (the model cells are 
approximately 5.7 acres). An equivalent number of extraction wells were then placed between 
the injection wells along the same sinuous axis. The conceptual layout is presented in Figure 4-7. 

 

Figure 4-7. Conceptual layout of infiltration ponds and extraction wells. 

The calibrated transient model was used as a baseline for comparison of the effect of the project. 
All project simulation runs were compared to this baseline run for assessment. 

For an initial analysis of the response of the alluvial aquifer system to injected recharge, a 
simulation was depicted wherein 90 acre-feet of water were injected daily into the aquifer for the 
first three months of the model simulation, and no corresponding recovery cycle was simulated. 
This was done to examine the movement of the injected water through the system if no recovery 
was implemented. The water budget in the model output was then examined month by month to 
determine the difference between the project run and the baseline run in losses to the aquifer due 
to discharge to the rivers and streams, evapotranspiration, and flow across the model boundaries. 
Loss to drains represents high water table conditions resulting in flowing water in ephemeral 
streams, ultimately being delivered to the larger streams and rivers. Therefore, discharge to 
drains was added to rivers. Loss of flow across the general head boundary at the downgradient 
extreme of the aquifer model was measurable, but not significant when compared to other losses, 
and will not be discussed further. 

Figure 4-8 displays the increase over baseline in losses from the aquifer to the river under the 
previously described conditions. This increase in delivery of water from the aquifer to the river is 
assumed to be a direct result of the injected water providing increasing driving head to the 
system and the slug of injected water itself traveling through the system from the injection wells 
to the points of discharge along the river. The peak of this additional discharge to the river occurs 
approximately 12 months after the initial injection of recharge water. This indicates that the 
center of the slug of injected water has reached the river by 12 months after injection. These 
results indicate, therefore, that this system would be most efficiently operated on a seasonal  
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Figure 4-8. Increased river losses due to enhanced recharge slug. 

basis, injecting water during the spring and extracting it for delivery during the summer of the 
same year. If the injected water were not recovered in this time frame, it would gradually be lost 
to the surrounding natural system. This finding indicates that this conjunctive use project would 
not be appropriate for long-term storage to be recovered during periodic drought conditions. 

Figure 4-9 displays the increase over baseline in losses from the aquifer to evapotranspiration. 
The injected water raises the water table locally, subjecting it to greater losses from 
evapotranspiration than would otherwise occur. Note that evapotranspiration losses are cyclical, 
peaking in the hot summer months and becoming less during the winter. An interesting result 
that was encountered during initial evapotranspiration tracking runs concerned the location of the 
injection/extraction well system. Initially the injection/extraction wells were placed in the 
approximate center of the widest area of the alluvium with the expectation that maximizing the 
distance from the rivers would be most efficient for preventing losses to the river. However, this 
resulted in evapotranspiration losses five to six times greater than those represented in Figure 4-
9. Upon further inspection of the model graphics and underlying geologic data, it was noted that 
although the initial well placement maximized distance from the rivers, depth to water was 
shallower in this area than it was further southwest, closer to the Brazos River. In many instances 
the initial depth to water prior to injection was fifteen feet or less. Since the depth of influence of 
evapotranspiration in the model is fifteen feet, this resulted in essentially all of the injection  
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Figure 4-9. Increased evapotranspiration losses due to enhanced recharge slug. 

being immediately subject to evapotranspiration losses. In fact, the thickness of the alluvial 
deposits in the valley is asymmetric, with the deposits considerably thicker near the Brazos River 
than the Little Brazos River. By moving the injection wells just a little closer to the Brazos 
River, where there was more “freeboard” between the land surface and the water table, 
evapotranspiration losses were significantly reduced. Another significant finding is implied in 
Figure 4-9. As mentioned previously, the evapotranspiration losses from the conjunctive use 
system are highest during the summer months. However, these are the same months when the 
extraction wells would be recovering water from the aquifer for delivery to the river. Extraction 
cycles would reduce the water table in the area, thus reducing evapotranspiration losses during 
these months. 

Conjunctive Use Operational Simulations 
To test the effect of operating a conjunctive use project of the Brazos River and the Brazos River 
Authority, a test case was set up in which the same amount of water (90 acre-feet per day) was 
injected in the first three months of each year. Extractions were scheduled to take place during 
June, July, and August of each year. Considering the supply of water in the Brazos River 
Alluvium and the conjunctive use project, potentially more water may be recovered from the 
system than was initially injected, due to the presence of pre-existing groundwater reserves at the 
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project site and to the dynamic nature of the natural recharge processes. To evaluate the behavior 
of the system under different extraction schedules, four test runs were made in which 90 percent, 
100 percent, 110 percent, and 125 percent of the amount injected was extracted. These runs are 
referred to as Tests 1, 2, 3, and 4. 

To demonstrate the general effect of the conjunctive use storage and recovery cycles on water 
levels within the model area, water levels were monitored in two wells during the baseline 
simulation and with the four test projects. Test 3, where extractions were 110 percent of 
injections, was chosen as being representative of the general response of the aquifer to a 
conjunctive use project. The comparative hydrographs for the two wells (59-20-820 and  
59-11-308) are displayed in Figure 4-10. In both cases, the results indicate that the cyclical 
operations would cause short-term water level fluctuations above and below the baseline levels 
by no more than one to two feet in most cases. Water levels which are elevated above the 
baseline during the injection cycle are routinely pulled below the baseline levels during the 
extraction cycle. 

Figure 4-11 demonstrates the change in losses to the aquifer over time as compared to the 
baseline conditions. It is analogous to Figure 4-8, except that the model run simulated six 
successive years of recharge and recovery cycles. The primary y-axis represents the change over 
the baseline run in losses to the aquifer system expressed as a percentage of the quantity of water 
injected. The cycles of injection and extraction are depicted on the secondary y-axis for a time 
reference. The primary message of this figure is that the greatest losses of this system, and thus 
the peak inefficiency, occur in the first year of operation when the change in losses over the 
baseline are over 13 percent of the total quantity injected. This occurs when the project is 
introducing a large amount of water to an aquifer system that was previously in relative 
equilibrium and when the water levels were relatively high. With each succeeding year, the 
losses are reduced as the system moves toward a new stable equilibrium until losses stabilize at 
approximately two percent of the quantity injected at the end of the 6-year simulation. This 
“equilibrium efficiency” was lower for the model runs with greater extraction quantities, ranging 
from five percent for the Test 1 scenario to nearly zero percent for the Test 4 scenario. In other 
words, the losses form the most aggressive extraction schedule were the closest to the losses 
calculated in the baseline run. Of course, in the test runs that extracted greater amounts of water, 
a greater amount of groundwater is removed from storage, and resulting water levels are slightly 
lower. However, all achieved approximate equilibrium by the end of the six-year run.  

Table 4-2 compares the effect of the various test scenarios on cumulative water budget values in 
comparison to the baseline calculated losses. Note that as the volume of water extracted in the 
test runs increases, the losses to evapotranspiration and river leakage decrease. This is indicative 
of the fact that the extraction wells are capturing a quantity of water that otherwise would be lost 
from the system and is a partial explanation of the phenomenon previously described, wherein 
higher extraction rates lead to lesser losses from the aquifer in comparison to the baseline. 
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Figure 4-10a. Well 59-20-820 hydrograph with and without project. 

 

Figure 4-10b. Well 59-11-308 hydrograph with and without project. 
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Figure 4-11. Operational losses of enhanced recharge water to natural system. 

Table 4-2. A comparison of cumulative water budget values from model test scenarios to baseline calculated 
values.  

  Baseline Test 1 Test 2 Test3 Test 4 
Injection 0 48600 48600 48600 48600 
Extraction 0 43740 48600 53460 60750 
Evapotranspiration 193414 1136 900 707 528 
River Leakage 39851 1570 843 280 -234 
Drains 323 17 10 4 -2 
Upgradient 
Boundary 1570 0 0 0 0 
Downgradient 
Boundary 2729 -19 -58 -98 -157 
Notes: 
All values in acre-feet, and values are cumulative at end of six-year 
test period. 
+ indicates greater than baseline. 
- indicates less than baseline. 
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Conclusions  
The modeling analysis of conjunctive use projects in the Brazos River Alluvium aquifer 
conducted for this report indicates that the groundwater system studied appears to be suitable for 
use as a site for a conjunctive use water supply project in the future. Specific findings produced 
by the model are: 

•  The travel time for water placed into aquifer storage at the locations indicated in this 
report is on the order of one year. Thus, the storage/recovery operational cycles should be 
timed to recover water on a seasonal basis (that is, perform recovery operations less than 
one year after the storage injection takes place). This will prevent unnecessary losses 
from the system through leakage to the river. 

•  Evapotranspiration losses were significantly greater if the infiltration ponds and supply 
wells were located over areas with shallow water table than a deeper water table. Greater 
efficiency is obtained from the system by placing wells in areas which maximize 
“freeboard,” or unsaturated zone thickness, rather than by placing them in areas which 
maximize distance between infiltration ponds and the zones of discharge along the river. 

•  If extraction and recovery are performed on a seasonal basis, there is little long-term 
effect on water levels. Temporary fluctuations of water levels due to injection/extraction 
cycles were only a few feet above and below baseline conditions, even when extraction 
rates exceeded injection rates. 

•  The system tends toward greater stability and efficiency with repeated operation. The 
initial flux of injection water induces a condition of disequilibrium on an aquifer system 
that was previously in equilibrium. Within the six-year period, the system re-achieves 
stable equilibrium efficiency. In fact, this efficiency is higher for the recovery schedules 
which extracted greater quantities of water than were injected, partly due to the capture of 
water that otherwise would be lost to evapotranspiration and river leakage during the 
summer months. 
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Chapter 5 

Hydrochemistry, Salinity Distribution, and Trace 
Constituents: Implications for Salinity Sources, 

Geochemical Evolution, and Flow Systems 
Characterization, Gulf Coast Aquifer, Texas 

Ali H. Chowdhury1, Radu Boghici1, and Janie Hopkins1 

Introduction 
Groundwater is a valuable resource to the fast growing communities along the Texas Gulf Coast.  
Recurrent drought conditions, historical and current overpumping of the aquifer in excess of 
natural replenishment through recharge, and limited availability place an ever increasing demand 
on this resource. Over 1.1 million acre-feet of groundwater are annually used from the Gulf 
Coast aquifer in Texas. The Gulf Coast aquifer extends over 430 miles from the Texas-Louisiana 
border in the northeast to Texas-Mexico border in the south. The Gulf Coast aquifer is comprised 
of fluvial-deltaic sediments that thin in the outcrop areas and progressively thicken to several 
thousand feet near the coast. Repeated sea-level changes and natural subsidence of the basin due 
to sediment loading produced a complex set of discontinuous bodies of sand, silt, clay, and 
gravel in the Gulf Coast. Lateral and vertical discontinuity and interfingering of these sand and 
clay bodies compartmentalize the flow systems with potential for little hydraulic interconnection 
between them. Furthermore, numerous growth faults that occur parallel to the coast exert 
additional complexity to the groundwater flow system. Significant quantities of groundwater 
occur in the Gulf Coast aquifer in sections where sands are dominant. However, some of this 
resource is not directly usable due to its moderate to high salinity. In most of the outcrop, 
groundwater is generally fresh. Groundwater increases in salinity at depth and along flow paths 
towards the coast. Groundwater salinity also increases from the northern humid areas to the 
southern semi-tropical and semi-arid areas of the Texas Gulf Coast. 

Groundwater pumping in the Gulf Coast aquifer caused water-level declines of more than 350 
feet in some areas, produced compaction of clay and shale beds contained within the aquifer 
materials, and subsequently caused land-surface subsidence in or near the cones of depression. 
Salt domes that pierce through the aquifer at different depths affect groundwater salinity in their 
vicinity. In addition, formation brines from the deeper subsurface may flow upward along faults 
or due to an increase in hydraulic pressure gradients affecting groundwater composition in 
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shallow aquifers. A lowering of the hydraulic gradient due to over-pumping in areas near the 
coast may locally cause saltwater intrusion. In this paper, we will (1) describe spatial and depth 
distributions of salinity; (2) identify sources and geochemical processes that gave rise to this 
salinity; (3) describe spatial and depth distributions of arsenic and identify its origin; (4) describe 
spatial and depth distributions of alpha, beta, and radon-222 activities and identify their origin; 
and (5) evaluate changes in groundwater salinity with water-level declines in or near the cones of 
depression. We discuss each of the above topics under separate sections. 

Stratigraphy and Mineralogy 
The Gulf Coast aquifer in Texas consists of five hydrostratigraphic units (from oldest to 
youngest): (1) the Catahoula Tuff or Sandstone, (2) the Jasper aquifer, (3) the Burkeville 
confining system, (4) the Evangeline aquifer, and (5) the Chicot aquifer (Baker, 1979). The 
Catahoula Tuff or Sandstone mainly consists of pyroclastic and tuffaceous sandstone; the Jasper 
aquifer mainly contains the Fleming and the Oakville formations, consisting of interbedded sand 
and clay; the Burkeville confining system consists mainly of silt and clay; the Evangeline aquifer 
has a high sand-clay ratio and contains sand beds tens of feet thick; and the Chicot aquifer 
contains sand, clay, and gravel (Baker, 1979). 

Sediments of the Gulf Coast aquifer were deposited in a fluvial-deltaic or shallow marine 
environment (Sellards and others, 1932). Repeated sea-level transgression and regression and 
basin subsidence caused development of cyclic sedimentary deposits composed of discontinuous 
sand, silt, clay, and gravel (Sellards and others, 1932; Kasmarek and Robinson, 2004). Most of 
the sediments of the Gulf Coast aquifer thicken towards the Gulf of Mexico. Faults that remained 
active during sedimentation (growth faults) contributed to additional sediment thickness over 
short lateral distances (Verbeek and others, 1979). Kreitler and others (1977) observed 
appreciable vertical displacement and abrupt thickening of the Alta Loma Sand, placed at the 
base of the Chicot aquifer in Harris and Galveston counties, which they attributed to faults. They 
suggested that the fault zone that occurs between Harris and Galveston counties acts as a partial 
hydrologic barrier separating the two partially independent flow systems and controlling 
groundwater composition between these two counties. In addition, complexity of the Gulf Coast 
aquifer is further advanced by numerous clay layers less than six feet thick contained within the 
water-bearing units of the sand beds that retard vertical movement locally and may provide 
different hydraulic heads to each sand bed (Gabrysch, 1984). 

Numerous salt domes occur in the Gulf Coast aquifer (Beckman and Williamson, 1990), some of 
which pierce through the shallow aquifers and reach near the land surface (Hamlin, this volume). 
Morton and others (1983) reported that salt domes are abundant along the northern part and 
nearly absent along the southern part of the Texas Gulf Coast. 

In order to explain geochemical conditions for paragenesis of diagenetic minerals in the Oakville 
Formation sand, Galloway (1982) postulated three hydrogeologic regimes: (1) the meteoric 
regime that surrounds the basin margins where surface water infiltrates into the permeable strata 
and moves in response to gravitation heads; (2) the elisian or compactional regime that expels 
upward to outward connate water contained within the fine-grained sediments caused by 
compressible or lithostatic stresses; and (3) the abyssal regime in the deep core of the basin fill 
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that provides significant volumes of water due to permeability reduction by compaction, 
cementation, and mineral dehydration reactions. Of these three regimes, the meteoric regime is 
most dynamic, with several geochemical trends observed along flow paths: bicarbonate increases 
moderately, chloride and total dissolved solids increase markedly, sodium to calcium ratios 
increase with a reduction in calcium concentrations, pH decreases gradually, and Eh commonly 
decreases abruptly. Galloway (1982) suggested that uranium mineralization in the Oakville 
Formation and underlying Catahoula aquifers was caused by migration of compactional fluids 
along deep-seated growth faults. 

Mineralogical compositions of the Miocene-Pliocene sandstones that form the Gulf Coast 
aquifers in Texas are poorly known. However, numerous investigations have been carried out to 
determine mineralogical compositions of the Oligocene sandstones from the Frio and the 
Catahoula formations (Loucks and others, 1979; Galloway, 1982). Quartz percentage in these 
sandstones increases from 20 to 60 percent at the southern part of the Texas Gulf Coast to 50 to 
85 percent at the northern part of the Texas Gulf Coast (Lindquist, 1977; Loucks and others, 
1981). Feldspar decreases from 20 to 50 percent to 10 to 30 percent in the same direction. 
Sandstones along the lower coast are rich in volcanic and carbonate rocks occasionally 
containing caliche fragments (Lindquist, 1977). Carbonate rock fragments decrease and 
metamorphic rock fragments increase towards the middle coast. Volcanic rocks dominate again 
in the upper coast (Lindquist, 1977). McBride and others (1968) suggest that the lower Catahoula 
Formation in northern Fayette County contains mainly tuff, with volcanic conglomerate and 
sandstones dominant in the mid-section. Bentonite and alteration products of volcanic glass 
(zeolite, calcium-montmorrilonite, and chalcedony) are widespread throughout the formation. 
Caliches are common near the surface, which suggests that the land surface was occasionally 
exposed to soil forming processes (McBride and others, 1968). Hoel (1982) observed that the 
Goliad Formation is genetically and compositionally similar to the Catahoula and the Oakville 
sandstones and contains a large proportion of orthoclase and plagioclase feldspars and volcanic 
rock fragments, particularly south of the San Patricio-Refugio county line. Sellards and others 
(1932) report that the Goliad Sand in South Texas is cemented by caliche containing more than 
30 percent calcium carbonate. Gabrysch and Bonnet (1975) analyzed the mineralogical 
composition of the clay beds and observed montmorillonite to be the main constituent of the clay 
with minor amounts of illite, chlorite, and kaolinite. 

Water Levels and Regional Groundwater Flow  
A water table is generally a subdued replica of the land surface. Under topographic highs where 
recharge occurs, water levels occur at shallow depths under unconfined conditions. Recharge 
waters in the outcrop are typically fresh and reflect composition of the rainwater, except in arid 
and semi-arid areas, where rainwater dissolves salts from the soils and percolates to the 
groundwater in the outcrop. As the aquifer dips beneath lower permeability sediments, 
groundwater becomes confined under increasing hydrostatic pressure due to the presence of 
impermeable fine-grained clays and silts. In topographic lows (discharge areas), groundwater 
flow is directed upward as a result of artesian pressure exceeding local hydrostatic pressure. 
Groundwater becomes more saline in the deeper subsurface and in discharge areas due to its long 
residence time and continued reaction with the aquifer minerals. 
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Water-level maps for the Chicot, Evangeline, and the Jasper aquifers show that regional 
groundwater flow is directed east towards the Gulf of Mexico (Figures 5-1, 5-2, and 5-3). We 
note that groundwater pumping has caused significant water-level decline in parts of the Gulf 
Coast aquifer (Figures 5-1 and 5-2). For example, water-level measurements from 2001 to 2005 
show the presence of large cones of depression in Harris and Kleberg counties (Figure 5-2). 
Major cones of depression change regional groundwater flow direction wherein groundwater 
from the outcrop is diverted towards the center of the cone as opposed to allowing it to flow 
towards the Gulf of Mexico (Figures 5-1 and 5-2). Hydrographs of selected wells from areas 

 

Figure 5-1. Water-level elevations and regional groundwater flow directions in the Chicot aquifer (includes 
water-level measurements from 2001 to 2005).  
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Figure 5-2. Water-level elevations and regional groundwater flow directions in the Evangeline aquifer 
(includes water-level measurements from 2001 to 2005). 

where land-surface subsidence has occurred show that water levels in some of these wells have 
since recovered but with no significant rebounding of the land-surface (Kasmarek and Robinson, 
2004). Kasmarek and Robinson (2004) reported that water levels in the aquifers had declined by 
as much as 350 feet by 1977 in the Houston area and caused subsequent land-surface subsidence. 
Land-surface subsidence in excess of ten feet was reported for Baytown and the Houston Ship 
Channel area in southwestern Harris County (Harris-Galveston Coastal Subsidence District, 
1998). Land-surface subsides as pumping causes expulsion of water from the interbedded clay in 
sandstones and shale beds. Similarly, in Wharton and Jackson counties, water levels have  
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Figure 5-3. Water-level elevations and regional groundwater flow directions in the Jasper aquifer (includes 
water-level measurements from 2001 to 2005). 

declined by more than 50 feet (Chowdhury and others, 2004). Farther south in Kleberg County, 
water levels have declined historically by as much as 200 feet (Shafer and Baker, 1973). 

Groundwater Composition 
Groundwater composition commonly retains unique chemical signatures of a flow system. These 
diagnostic signatures help define groundwater flow behavior as groundwater moves from the 
recharge areas in the outcrop, downward to the deeper subsurface, and upward to the discharge 
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areas near the coast. Differences in groundwater composition along flow paths help us interpret 
and verify flow systems, identify water sourced under various recharge conditions, and 
understand geochemical evolution of the water. Final groundwater composition ultimately 
depends on a multitude of factors that may include hydraulic characteristics and mineralogy of 
the aquifer materials, relative rates of mineral dissolution and precipitation reactions, cation 
exchanges, mixing of waters of various origins, redox reactions, and groundwater residence 
times in the aquifer. 

Major Elements 

Major elements consisting of calcium, sodium, potassium, magnesium, bicarbonate, chloride, 
and sulfate typically comprise more than ninety-five percent of the groundwater composition. 
These elements are non-conservative as they participate in and are subject to changes in 
concentrations due to geochemical reactions. Major elements in groundwater are derived from 
solute concentrations in the precipitation, water-rock interactions in the soil zone above the water 
table, and mineral reactions in the saturated zone below the water table. Progress or extent of 
chemical reactions along flow paths can therefore be identified by observing changes in absolute 
concentrations or relative element ratios from their initial compositions in the outcrop. In most 
cases, groundwater movement down flow paths follows a sequence of geochemical reactions that 
may provide information on chemical maturity and relative residence times of the ground water 
(Herczeg and Edmunds, 2000). Molar ratios of several elements including Na/Cl, SO4/Cl, 
Mg/Ca, K/Na, Ca/Na, and Ca+Mg/SO4 ratios are used to determine geochemical evolution of 
groundwater (Richter and Kreitler, 1991; Herczeg and Edmunds, 2000; Cartwright and others, 
2004). 

Methods 

We analyzed chemical compositions of about six hundred groundwater samples from the Texas 
Water Development Board’s (TWDB) groundwater database. For this study, we considered 
samples collected during 2001 through 2005. This time period was chosen because extensive 
sampling of the Gulf Coast aquifer was undertaken during this period and this dataset should 
adequately represent current groundwater compositions in the Gulf Coast aquifer. However, 
adequate sample coverage was missing for Harris County during 2001 through 2005. Therefore, 
we included additional samples analyzed during 1997 to increase sample coverage for Harris 
County. All groundwater samples were analyzed by ion chromatography-mass spectrometry 
(ICP-MS) for major and trace elements at the Lower Colorado River Authority’s Environmental 
Laboratory. 

We described groundwater salinity based on total dissolved solids (TDS) concentration of the 
waters: fresh (less than 1,000 milligrams per liter [mg/l]), slightly saline (1,000 to 3,000 mg/l), 
moderately saline (3,000 to 10,000 mg/l), very saline (10,000 to 35,000 mg/l), and brine (greater 
than 35,000 mg/l) (Winslow and Kister, 1956). TDS represents the total amount of solids that 
remain in water after the sample is evaporated to dryness. Salinity essentially means the same as 
total dissolved solids. We plotted the major elements and their ratios for identifying geochemical 
processes and identify sources of salinity. We plotted groundwater compositions into Piper 
diagrams to group groundwater into distinct water types or chemical facies (Piper, 1944). 
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Results 

Groundwater composition in the Gulf Coast aquifer in Texas is highly variable. Groundwater 
composition is generally fresh in the outcrop and becomes more saline near the coast. Of the six 
hundred samples that we analyzed, we observed that about seventy percent of the samples in the 
Chicot and the Evangeline aquifers and eighty-five percent of the samples in the Jasper aquifer 
have fresh water. Nearly all of the remaining samples are slightly saline (Table 5-1).  

Table 5-1. Water quality types in the Chicot, Evangeline, and Jasper aquifers.  

Aquifer
Fresh Slightly saline Moderately saline

Chicot 72 26 2
Evangeline 70 28 2
Jasper 85 13 1

Water quality (percent total)

 
Groundwater is relatively more saline in the central and southern parts compared to the northern 
part of the Gulf Coast aquifer (Figures 5-4, 5-5, and 5-6). 

In order to better understand geochemical processes that gave rise to groundwater salinity, we 
examined spatial distribution of the major elements across the Gulf Coast aquifer. Details on this 
distribution are presented elsewhere (Chowdhury and others, in prep.). We observed that 
bicarbonate concentrations generally increase along flow paths with an abrupt increase in their 
concentration along the coast in Matagorda and Brazoria counties (Figure 5-7). To the south, 
bicarbonate shows a decrease along flow paths in Kenedy and Cameron counties. Sulfate 
concentrations do not vary significantly along flowpaths, but higher concentrations of sulfate 
occur in the south than the northern part of the Gulf Coast aquifer (Figure 5-8). Sodium and 
chloride concentrations increase along flow paths, and their concentrations significantly increase 
in the southern part of the Gulf Coast aquifer (Figures 5-9 and 5-10). 

We used molar ratios of Na/Cl to determine sources of Na ions and identify geochemical 
processes that affect Na concentrations. Halite contains Na and Cl in equal concentrations. 
Therefore, groundwater affected by halite dissolution should typically contain molar Na/Cl ratios 
equal to 1 unless the ratio is affected by cation exchange reactions. Molar Na/Cl ratios in sea 
water is about 0.85 and the ratio in deep-basin brines is less than 0.5 (Richter and Kreitler, 1991). 
In the Gulf Coast aquifer, we observe that the molar Na/Cl ratios range from 0.49 to 5.98 (1.77 ± 
0.94), 0.4 to 10.95 (2.03 ± 1.57), and 0.6 to 41.94 (3.58 ± 5.48) for the Chicot, Evangeline, and 
Jasper aquifers, respectively. Molar ratios of Na/Cl increase from the shallower to the deeper 
aquifers which is probably caused by progressive cation exchanges and/or mixing of saline water 
from the deeper subsurface (Table 5-2). Variability in the Na/Cl ratios increases with depth, as 
reflected by increases in standard deviations from the Chicot to the Jasper aquifers. Spatial 
distributions of molar Na/Cl ratios indicate that several samples, particularly in the northern part 
of the Gulf Coast aquifer in the vicinity of the salt diapers, have molar Na/Cl ratios close to 1 
(Figure 5-11). Most of the groundwater in the Gulf Coast aquifer has molar Na/Cl ratios that 
vary from 1 to 4 (Figure 5-11). 
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Figure 5-4. Distribution of total dissolved solids concentrations in the Chicot aquifer. 
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Figure 5-5. Distribution of total dissolved solids concentrations in the Evangeline aquifer. 
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Figure 5-6. Distribution of total dissolved solids concentrations in the Jasper aquifer. 
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Figure 5-7. Distribution of bicarbonate concentrations in the Chicot aquifer. 
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Figure 5-8. Distribution of sulfate concentrations in the Evangeline aquifer. 
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Figure 5-9. Distribution of sodium concentrations in the Evangeline aquifer. 
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Figure 5-10. Distribution of chloride concentrations in the Evangeline aquifer. 
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Table 5-2. Concentrations of Na/Cl ratios in the Chicot, Evangeline, and Jasper aquifers.  

Aquifer
Range Mean Median Standard deviation Number of samples

Chicot 0.49 - 5.98 1.77 1.56 0.94 240
Evangeline 0.4 - 10.95 2.03 1.61 1.57 258
Jasper 0.6 - 41.94 3.58 2.23 5.48 98

Molar Na/Cl ratios 

 
 

 

Figure 5-11. Distribution of Na/Cl molar ratios in the Gulf Coast aquifer of Texas. 
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We used Piper diagrams to group groundwater from the Chicot, Evangeline, and Jasper aquifers 
into distinct chemical types. We observed that the analyzed samples in the Gulf Coast aquifer are 
mainly composed of Ca-HCO3, Ca-Na-HCO3-Cl, and Na-HCO3 type waters (Figure 5-12). 
Numerous samples fall along a straight line from the calcium to the sodium end of the cation 
triangle (Figure 5-9). Groundwater in the outcrop areas in the northern part are more commonly 
Ca-HCO3 types that evolve into mixed Ca-Na-HCO3-Cl water along regional flow paths and to 
Na-HCO3 water in the discharge areas near the coast. Groundwater composition in the central 
and the southern parts of the Gulf Coast aquifer changes to Na-Cl-HCO3 or Na-Cl-SO4 water 
along regional flow paths (Figures, 5-7, 5-8, 5-9, and 5-10). Relatively more samples from the 
Evangeline aquifer have higher concentrations of sulfate, sodium, and chloride (Figure 5-12b). 

We used cross-plots of various ions to identify their sources. Plots of sodium and bicarbonate 
and sodium and calcium for 17 groundwater samples from Harris and Galveston counties show a 
correlation coefficient of 0.82 between sodium and bicarbonate and a correlation coefficient of -
0.66 between sodium and calcium (Figures 5-13a and 5-13b). Bivariate plots of Na and Cl show 
good correlation coefficients of 0.85 and 0.87 for the Chicot and Jasper aquifers, respectively, 
and a moderate correlation coefficient of 0.59 for the Evangeline aquifer (Figures 5-14b, 5-15b, 
and 5-16b). Plots of Na/Cl ratios versus Cl show a decrease in Na/Cl ratios at higher Cl 
concentrations in a small number of samples (Figures 5-14c, 5-15c, and 5-16c). Plots of excess 
sodium from sources other than halite (Na-Cl) and excess calcium and magnesium (Ca+Mg-
0.5HCO3-SO4) from sources other than carbonate and gypsum show near perfect correlation 
coefficients (r2 = 0.95, r2 = 0.98, and r2 = 0.98 for the Chicot, Evangeline, and Jasper aquifers, 
respectively; Figures 5-14d, 5-15d, and 5-16d). 

Groundwater composition shows no trends in salinity changes with well depths (Figures 5-14a, 
5-15a, and 5-16a). Many wells in the Chicot, Evangeline, and Jasper aquifers have groundwater 
compositions containing low dissolved solids (less than 300 mg/l) at depths of more than 2,000 
feet. 

Discussion 

Salinity differences from the northern to the southern parts of the Gulf Coast aquifer are 
probably caused by several processes including recharge under different climatic conditions, 
variation in lithologic composition, ion-exchange reactions, saltwater intrusion, and retention of 
residual connate water. For example, annual average rainfall in the northern part of the Gulf 
Coast aquifer is about 56 inches, while in the central and the southern parts of the Gulf Coast 
aquifer annual rainfall gradually decreases to about 18 inches (Chowdhury and Mace, 2004). A 
higher evaporation rate in the central and southern parts of the aquifer, frequent occurrences of 
caliches, and salt accumulation in the soils further reduce potential for fresh rainwater infiltration 
into the groundwater. Therefore, it is no coincidence that the groundwater in the southern parts 
of the Gulf Coast aquifer has higher concentrations of sodium, chloride, and sulfate. In addition, 
differences in mineralogical compositions of the aquifer materials between the northern and the 
southern parts of the Gulf Coast contributed to varying groundwater composition. For example, 
sandstone compositions in the northern part are more commonly quartz arenite, while to the 
south, sandstone compositions are more likely arkosic and greywackes containing abundant 
feldspar and rock fragments. Varying chemical stability of the aquifer minerals will produce  
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(a) 

 
(b) 

 
(c) 

 

Figure 5-12. Piper diagrams of groundwater composition from the (a) Chicot, (b) Evangeline, and (c) Jasper 
aquifers.  
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Figure 5-13. Relationships between (a) Na and HCO3 and (b) Na and Ca in the Chicot aquifer in Harris and 
Galveston counties. 

 

 

Figure 5-14. Relationships between (a) total dissolved solids and well depth, (b) Na and Cl, (c) Na/Cl and Cl, 
(d) Na-Cl and Ca+Mg-SO4-0.5HCO3, (e) Br and Cl, and (f) Br/Cl and Cl for the Chicot aquifer. 
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Figure 5-15. Relationships between (a) total dissolved solids and well depth, (b) Na and Cl, (c) Na/Cl and Cl, 
(d) Na-Cl and Ca+Mg-SO4-0.5HCO3, (e) Br and Cl, and (f) Br/Cl and Cl for the Evangeline 
aquifer. 

different sets of chemical reactions and result in varying concentrations of dissolved solids in the 
groundwater in these areas. 

Fresh meteoric water containing less than 300 mg/l total dissolved solids occurs in numerous 
wells throughout the Gulf Coast aquifer from near land surface to depths of about 2,000 feet. 
Such conditions may indicate that dominant quartz composition of the sands inhibited mineral 
reactions, thus retaining low dissolved solids content of the recharge water. Alternatively, it is 
possible that fresh meteoric water reached the aquifer at that depth by short-circuiting through 
faults or permeable sands. Capuano and Lindsay (2004) found that younger recharge water, 
containing lighter carbon-13 and high percent modern carbon-14 activity, is reaching the Chicot 
aquifer in Fort Bend, Brazoria, and Matagorda counties where the clayey Beaumont Formation 
has been cut by more permeable incised valley-fill. However, Noble and others (1996), in their  
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Figure 5-16. Relationships between (a) total dissolved solids and well depth, (b) Na and Cl, (c) Na/Cl and Cl, 
(d) Na-Cl and Ca+Mg-SO4-0.5HCO3, (e) Br and Cl, and (f) Br/Cl and Cl for the Jasper aquifer. 

investigation on recharge over a small section of the Gulf Coast aquifer in Harris County, 
observed essentially no tritium at depths greater than 80 feet. Therefore, modern recharge was 
perhaps not reaching the aquifer beyond that depth in that area. Complex aquifer geometry, 
heterogeneity of sand bodies, interfingering of clays contained within the sands, and 
discontinuity of shale beds suggest that younger recharge water may reach to varying depths in 
the various parts of the Gulf Coast aquifer. 

The increased salinity observed in groundwater along regional flow paths in Harris and 
Galveston counties is partly related to cation-exchange reactions in which sodium attached on 
clay minerals replaces calcium ions dissolved in groundwater. Modification of groundwater by 
cation exchange is a well documented process (Kreitler and others, 1977; Appello, 1994). This is 
supported by an inverse correlation between sodium and calcium (r2 = -0.66) and a positive 
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correlation between sodium and bicarbonate (r2 = 0.81) in seventeen groundwater samples that 
we analyzed from Harris and Galveston counties (Figures 5-13a and 5-13b). In an earlier 
investigation, Foster (1950) had argued that carbon dioxide from organic matter decomposition 
can cause continuous dissolution of calcite and allow exchange of calcium for sodium. If this 
was true, cation exchange should have occurred at a one to one ratio, which is not observed in 
the groundwater from Harris and Galveston counties (Kreitler and others, 1977). In addition, 
high bicarbonate concentrations observed in the reducing groundwater at depth near the coast 
(along Matagorda, Brazoria, and Galveston counties) could be derived from sulfate reduction 
where sulfate is reduced while organic matter is oxidized (Chowdhury and others, in prep.). 

When we consider groundwater samples from the rest of the Gulf Coast aquifer, we observe a 
poor correlation between sodium and calcium and sodium and bicarbonate. For example, 
correlation coefficients between calcium and sodium are -0.0046 and -0.18, and correlation 
coefficients between sodium and bicarbonate are 0.19 and 0.0005 for the Chicot and Evangeline 
aquifers, respectively. Groundwater in the south and central parts of the Gulf Coast aquifer 
progressively becomes enriched in Na-Cl-SO4 and Na-Cl waters near the coast rather than 
becoming Na-HCO3 water as observed in the northern part of the Gulf Coast aquifer. This 
depletion in calcium could partly be caused by cation-exchange reactions which is supported by 
a near perfect correlation between excess sodium (Na-Cl) and excess calcium and magnesium 
(Ca+Mg-SO4-0.5HCO3), slopes of about two between them (Figures 5-14d, 5-15d, and 5-16d), 
and a progressive decrease in the Ca/Na ratio along flow paths across the Gulf Coast aquifer 
(Chowdhury and others, in prep.). 

Saltwater intrusions have occurred along part of the Gulf Coast due to pumping of the aquifer 
and a subsequent lowering of the water table. It is noteworthy that potassium occurs in much 
higher concentrations along the coast in the central part of the Gulf Coast aquifer (along Kleberg, 
Aransas, Matagorda, and Brazoria counties) suggesting potential salt water intrusion 
(Chowdhury and others, in prep.). Potassium occurs in much higher concentrations in seawater 
than fresh water. Potassium in freshwaters is mainly derived from dissolution of potassium 
feldspars. Much of this potassium in groundwater is rapidly consumed by precipitation of 
diagenetic potassium feldspars. Saturation indices that indicate potential for mineral precipitation 
suggest that many of these waters are saturated with respect to potassium feldspars (Chowdhury 
and others, in prep.). Therefore, the higher potassium in the groundwater along the coast is 
probably derived from saltwater intrusion. Higher Br concentrations in the groundwater in these 
areas further support this observation (see later). 

Residual connate waters trapped during sedimentation in the clayey portions of the aquifer may 
contribute to salinity. Numerous clay or shale beds that compartmentalize water-bearing sands 
may still locally help retain connate waters; this is reflected in their trace to very low percent 
modern carbon composition at shallow depths, even near outcrop areas, suggesting that some of 
these fossil waters could well have formed from older recharge (Chowdhury and Mace, 2004). 
Jorgensen (1977) suggested that freshwater has flushed the original saltwater out of the aquifer to 
a depth of 2,200 feet in the Houston area, but only to a depth of 150 feet in Galveston. He 
indicated that flushing may have been more effective in the past, during lower stands of sea level 
(Frazier, 1974). Bachman (1979) reported that the average depth of the base of the freshwater 
occurs at depths of about 2,000 feet below land surface. In contrast, artesian conditions of saline 
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aquifers underlying Duval County make the base of the saline water appear near land surface 
(Wood and others, 1963). 

Trace Elements 
Trace elements generally occur in groundwater at concentrations of less than 1 mg/l. Like the 
major elements, trace elements in groundwater are derived from weathering of minerals and/or 
human activities. Trace element concentrations in groundwater largely depend on intensity of 
chemical weathering and their presence in minerals that are subjected to weathering (Drever, 
1988). For example, many of the trace elements do not substitute readily in feldspar and other 
ferromagnesian minerals that are common sources of major elements but may be present in 
chemically resistant accessory minerals such as zircon, apatite, or zircon or as sulfides. In 
addition, burning of fossil fuels, smelting of ores, mining activities, and sewage disposal may 
introduce trace elements in groundwater (Drever, 1988). 

Bromide and Iodide 

The main source of chloride and bromide in groundwater is derived from atmospherically 
transported material that falls as wet precipitation and particulate matter (Davis and others, 
1998). Near the coast this material is dominated by sea salt entrained in the air from the sea 
surface (Davis and others, 1998). Dry lake beds can contribute enough dust locally to overwhelm 
other sources of chloride and bromide (Wood and Sanford, 1995). Dissolution of evaporite and 
salt deposits, clay compaction, recrystallization of minerals, connate water, and saltwater 
intrusion may contribute additional bromide. Oil and gas activities, irrigation, and sewage 
disposal are some of the many human activities that can alter the natural concentrations of 
chloride (Cl-) and bromide (Br-). Ratios of bromide to chloride have been extensively used in the 
determination of sources of salinity. For example, these ratios have been successfully utilized to 
(1) make distinction between salinity originating from oil-field brine and salinity related to 
natural dissolution of halite, (2) identify mixing of brine derived from dissolution of halite and 
precipitation, (3) determine origin and fate of chloride in regional flow systems, and (4) assess 
effects of irrigation and sewage disposal on ambient chloride concentrations (Stevens, 1990; 
Fabryka-Martin and others, 1991; Whittemore, 1993). 

Iodide behaves similar to bromide and chloride. These halides, along with their isotopes, are the 
most conservative constituents of groundwater and therefore may help in determining the origins 
of the water and subsurface geochemical processes (Fabryka-Martin and others, 1991). The 
presence of iodide is considered a good indicator of groundwater residence time, since more 
iodide leaches out of the sediments over time (Lloyd and others, 1982). Ratios of iodide to 
chloride have been effectively used to differentiate saltwater intrusion from fresh waters (Richter 
and Kreitler, 1991). 

Methods 
We collected bromide and chloride concentration data for 2005 from the TWDB’s Groundwater 
Database. We plotted bromide/chloride ratios along with elevations of salt domes on a map to 
observe any association between them. We cross plotted both bromide and chloride and their 
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ratios against chloride to observe any trend that might exist between the two parameters, 
determine any potential mixing between various source waters, and identify sources of these 
ions. 

Only a limited number of samples in the TWDB’s groundwater database have iodide values. We 
observed spatial distribution of iodide and evaluated any relationship that might exist between 
iodide concentrations and flow systems. 

Results 
We analyzed bromide (Br-) concentrations from the Chicot, Evangeline, and Jasper aquifers 
(Tables 5-3 and 5-4). Concentrations of Br- range from 0.02 to 5.7 mg/l, 0.02 to 4.94 mg/l, and 
0.02 to 4.04 mg/l in the Chicot, Evangeline, and Jasper aquifers, respectively. We observed a 
higher median value of bromide at shallower depths and a decrease in their concentrations with 
an increase in well depth (Table 5-3). 

Table 5-3. Concentrations of bromide (Br-) in the Chicot, Evangeline, and Jasper aquifers.   

Aquifer Range of Br concentration (mg/l) Median Br (mg/l) Standard deviation Number of analyses
Chicot aquifer 0.02 - 5.7 0.31 0.87 239
Evangeline aquifer 0.02 - 4.94 0.27 0.83 256
Jasper aquifer 0.02 - 4.04 0.22 0.78 97  

Table 5-4. Cl-/Br- ratios in the Chicot, Evangeline, and Jasper aquifers. 

Aquifer
Range Mean Median Standard deviation Number of samples

Chicot 0.0051 - 0.0129 0.003254 0.00304 0.001585 239
Evangeline 0.00004 - 0.01457 0.003413 0.003292 0.001398 256
Jasper 0.00072 - 0.10742 0.00534 0.003853 0.10688 97

Br/Cl (weight ratios)

 
Ratios of bromide to chloride have median values of 3.04×10-3, 3.29×10-3, and 3.85×10-3 in the 
Chicot, Evangeline, and Jasper aquifers, respectively (Table 5-4). Both mean and median ratios 
of bromide to chloride increase from the shallower to the deeper aquifers (Table 5-4). Ratios of 
bromide to chloride are most variable in the Jasper aquifer as indicated by their large standard 
deviations (Table 5-4). Plots of bromide versus chloride indicate correlation coefficients of 0.79, 
0.93, and 0.95 for the Chicot, Evangeline, and Jasper aquifers, respectively (Figures 5-14e, 5-
15e, and 5-16e). Plots of bromide to chloride ratio versus chloride show a general increase with 
an increase in chloride levels in a few wells (Figures 5-14f, 5-15f, and 5-16f). However, a large 
majority of the samples in the Chicot, Evangeline, and Jasper aquifers show a near constant 
bromide to chloride ratio with an increase in chloride concentration (Figures 5-14f, 5-15f, and 5-
16f). 

When we evaluated iodide concentrations, we observed that iodide exhibits poor correlation with 
chloride for the Chicot aquifer (r2 = 0.05, n = 17, where n is the number of samples) and a 
slightly better correlation for the Evangeline aquifer (r2 = 0.31, n = 20). Iodide and bromide 
similarly show a poor correlation for the Chicot aquifer (r2 = 0.07, n = 17) and a better 
correlation (r2 = 0.28, n = 20) for the Evangeline aquifer. Iodide is present in relatively small 
concentrations that range from 0.10 to 0.66 mg/l, with most samples containing less than 0.2 
mg/l iodide. 
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Discussion 

Concentrations of bromide and chloride in the Chicot, Evangeline, and the Jasper aquifers show 
good correlation coefficients suggesting a common source to the salinity (Figures 5-17 and 5-
18). Salinity in the groundwater must be caused in part by dissolution of halite from salt domes 
that penetrate the aquifers at different stratigraphic intervals. This is supported by (1) low 
bromide and low bromide to chloride weight ratios (~10-4) in close proximity to salt domes 
particularly along Brazoria through Harris to Orange counties (Figures 5-17 and 5-18) and (2) 
molar Na/Cl ratios close to 1 in samples close to the salt domes, which would be expected if 
dissolution of halite was the source of this salinity. However, the effects of halite dissolution are 
not observed in groundwater across the aquifers, because the higher density of salt-laden 
groundwater near the domes causes groundwater to sink (Evans and others, 1991). Effects of 

 

Figure 5-17. Distribution of Br/Cl molar ratios, location of salt domes, and top elevations of salt domes in the 
Gulf Coast aquifer in Texas (locations and elevations of salt domes after Hamlin, this volume). 
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Figure 5-18. Distribution of bromide concentrations in the Gulf Coast aquifer in Texas. 

halite dissolution are more commonly observed in groundwater in close proximity to salt domes 
(Evans and others, 1991). Evans and others (1991) further contend that in salt dome 
environments groundwater is driven upward by density gradients that are associated with 
advective transport of dissolved salts and manifested in salinity plumes extending from the top of 
some salt domes. 

When we considered Br/Cl ratios from across the Gulf Coast aquifer, we observed that most of 
the ratios are an order of magnitude higher than what would be expected if groundwater was 
mainly affected by halite-dissolution. For example, the median Br/Cl weight ratios are 3.04×10-3, 
3.29×10-3, and 3.85×10-3 for the Chicot, Evangeline, and Jasper aquifers, respectively (Table 5-
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4). Ratio of Br/Cl for seawater is about 3.3×10-3, which is close to connate formation water 
(Richter and Kreitler, 1991, Davis and others, 1998) and not significantly different from fresh 
waters (3.2×10-3 to 3.1×10-3; CB-DP, 2000). Therefore, the Br/Cl ratios suggest that a large 
number of groundwater samples are dominated by fresh meteoric recharge, with some 
contributions of residual connate water that escaped flushing during low stands of sea level, 
particularly in the central and the southern parts of the Gulf Coast aquifer. These groundwater 
samples have Na/Cl ratios close to 1, which suggests additional mixing of water derived from 
dissolution of halite and associated evaporites. We recognize that some of these ratios were 
affected by cation-exchange reactions. The relative importance of the cation-exchange reactions, 
halite-dissolution, and sea-water intrusion processes are discussed in greater detail elsewhere 
(Chowdhury and others, in prep.). Several samples along the coast (Kleberg, Nueces, Aransas, 
Matagorda and Brazoria counties) have higher concentrations of bromide that suggest modern 
saltwater intrusions have occurred (Figure 5-18). 

Numerous groundwater samples across the Gulf Coast aquifer have bromide to chloride ratios 
that range from 4×10-3 to 1×10-1 (Figure 5-17). These ratios are typical of formation brines 
(Kreitler and Richter, 1986). Morton and others (1983) reported that bromide to chloride ratios in 
Tertiary brines of the underlying formations along the Texas Gulf Coast occur at less than 5×10-3 
in the northern part, between 5×10-3 to 1×10-2 in the central and the southern part, and greater 
than 1×10-2 along a narrow band from Kleberg to Jackson counties (Morton and others, 1983). 
Occurrences of bromide to chloride ratios in groundwater similar to Tertiary brines in different 
areas of the Texas Gulf Coast aquifer may suggest that upward migration of formation brines 
may have locally altered their initial bromide to chloride ratios. Upward migration of deeper 
fluids to shallower depth has been proposed based on similar carbon isotope signatures in 
methane gas sampled from deep reservoirs and near land surface (Stahl and others, 1981). Others 
have postulated upward migration of deeper fluids to shallow depths along faults where uranium 
deposits were formed from mixing of reducing brine and oxidizing meteoric water (Galloway 
and others, 1982; Goldhaber and others, 1983; Kreitler and Richter, 1986). Therefore, salinity in 
groundwater in different parts of the Texas Gulf Coast aquifers could be derived from one or 
more sources, including halite dissolution, residual connate water trapped in the pore spaces 
during sedimentation, and upward migration of formation brines depending on the geographic 
area and local hydrogeologic conditions (Chowdhury and others, in prep.). 

Slow diffusion of ions from fine-grained clay, silt, and sandstones may partly contribute 
chloride, bromide, and iodide (Fabryka-Martin and others, 1991). Slow diffusion of bromide and 
chloride from interstitial water may be facilitated as groundwater movement is hindered through 
the subsurface by the complex geometry of the aquifer materials and the abundance of fine-
grained clays. In the Milk River Formation of Alberta, Fabryka-Martin and others (1991) showed 
that high concentrations of iodide and bromide in the groundwater down hydraulic gradients are 
related to organic matter diagenesis. They observed that both bromide and chloride 
concentrations increase down hydraulic gradients and that chloride, iodide, and bromide show 
near perfect correlations between them. In the Gulf Coast aquifer, from the limited data on iodide 
available, we note that iodide is present at less than 0.2 mg/l in most of the analyzed samples. 
Correlation coefficients between chloride and iodide and iodide and bromide are considerably 
low (r2 = 0.06 and 0.07, respectively, for the Chicot aquifer and r2 = 0.31 and 0.28, respectively, 
for the Evangeline aquifer). Moreover, neither iodide nor bromide shows any preferential 
enrichment along regional flow paths. Therefore, while it is possible that some bromide, 
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chloride, and iodide could be derived from shale contained in the sandstones and shale beds, 
their contribution, if any, is likely to be small. Additional information on iodide and chloride 
isotopes may further assist identifying sources of these halogens. 

Arsenic 

Arsenic (As) is introduced in water through dissolution of minerals and ores. Arsenic 
concentrations in groundwater increase as a result of erosion of local rocks containing iron 
oxides, iron sulfides, and from geothermal sources (WHO, 2001, Smedley and Kinniburgh, 
2002; Scanlon and others, 2005). Anthropogenic sources such as industrial effluents, alloying 
agents, wood preservatives, defoliants, herbicides, insecticides, and combustion of fossil fuels 
also contribute arsenic to atmospheric deposition (Stollenwerk, 2003; Scanlon and others, 2005). 
Inorganic arsenic can occur in several forms, but it commonly occurs as trivalent arsenite 
(As[III]) or pentavalent arsenate (As[V]) in natural waters. Arsenic is a human health concern 
because it can contribute to skin, bladder, and other cancers (NRC, 1999). 

Methods 

We collected all available arsenic data on the Gulf Coast aquifer from TWDB’s groundwater 
database for 1995. However, as only a few samples were collected in 1995 for the Catahoula 
Formation, we included arsenic data for 1986 to 2005 to provide a better spatial distribution. We 
analyzed spatial distribution of arsenic in the Gulf Coast aquifer. We plotted several element 
parameters versus arsenic in order to identify sources of arsenic in the groundwater. We 
evaluated arsenic concentrations in light of oxidizing-reducing potential of a limited number of 
groundwater samples from the Evangeline aquifer. 

Results 

We analyzed arsenic concentrations in the groundwater from the Chicot, Evangeline, and Jasper 
aquifers (Table 5-5). We observed that arsenic concentrations range from 2 to 26.8 micrograms 
per liter (µg/l), 2.03 to 75 µg/l, and 2 to 569 µg/l in the Chicot, Evangeline, and the Jasper 
aquifers, respectively (Table 5-5). About 7.5, 11.5, and 30 percent of groundwater samples from 
the Chicot, Evangeline, and Jasper aquifers, respectively, have more than 10 µg/l arsenic, the 
recommended limit for drinking water purposes (U.S. EPA, 2001). The highest concentrations of 
arsenic occur in the Jasper aquifer. Samples with high concentrations of arsenic commonly occur 
in the southwestern part of the Evangeline and the Jasper aquifers in the areas of Duval, Webb, 
Live Oak, Karnes, and Jim Wells counties (Figures 5-19, 5-20 and 5-21). We observed no 
preferential occurrence of arsenic with depth and no significant relationship at depth with 
molybdenum or manganese (Figures 5-22a, 5-22c, and 5-22g). On bivariate plots, arsenic and  

Table 5-5. Arsenic concentrations in the Chicot, Evangeline, and Jasper aquifers. 

Aquifer
Range of arsenic concentration Mean Median Percent exceedance Standard deviation Number of samples

Chicot 2 - 26.8 3.85 2.04 7.5 4.22 319
Evangeline 2.03  - 75 8.03 4.74 11.54 10.17 355
Jasper 2 - 569 18.85 5 30 43.40 295

Concentrations of arsenic (As) (µg/l)
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Figure 5-19. Distribution of arsenic concentrations in the Chicot aquifer.  

vanadium show strong correlation coefficients (r2 = 0.74; Figure 5-22b), but poor correlations 
were observed between arsenic and manganese (r2 = 0.05; Figure 5-22c) and arsenic and 
molybdenum (r2 = 0.04; Figure 5-22g). Arsenic is also poorly correlated with sulfate (r2 = 0.03; 
Figure 5-22d), chloride (r2 = 0.22; Figure 5-22e), and Br/Cl ratios (r2 = 0.02; Figure 5-22f). 
Comparison of arsenic concentrations with oxidation-reduction potential of a few samples from 
the Evangeline aquifer suggest that arsenic concentrations decline slightly under highly reducing 
(<-300 mV) and oxidizing conditions (>+250 mV; Figure 5-22h). At slightly-oxidizing to 
slightly-reducing conditions, maximum concentrations of arsenic were observed (Figure 5-22h). 

Discussion 

Arsenic, molybdenum, selenium, and vanadium in the Gulf Coast aquifer could be derived from 
weathering of interstratified volcaniclastic debris derived from Sierra Madre Occidental of 
Mexico and the Trans-Pecos Region of West Texas (Galloway and others, 1982). Smedley and  
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Figure 5-20. Distribution of arsenic concentrations in the Evangeline aquifer. 

Kinniburgh (2002) suggested that the main processes of arsenic enrichment in groundwater are 
mixing of deeper geothermal waters, desorption and dissolution of iron oxides in reducing 
environments, desorption of iron oxides in oxidizing environments, and oxidation of pyrite. 
Bhattacharya and others (2004) indicated that reduced groundwater containing arsenic derived 
from reductive dissolution of iron oxy-hydrooxides commonly has elevated ammonium and 
positive correlations between dissolved organic carbon, bicarbonate, total iron and total arsenic. 
Brandenberger and others (2004) investigated arsenic contamination in Lake Corpus Christi 
reservoir and nearby groundwater from the Nueces River basin and found strong correlations 
between chromium, cesium, vanadium, and iron, which made them conclude that arsenic was 
derived from uranium- and arsenic-rich geological formations rather than any large scale 
transport of contaminants from upstream uranium mine pits and tailings. Similarly, Scanlon and 
others (2005) postulated that arsenic in the Texas Gulf Coast aquifer is geologic in origin, related 
to volcaniclastic deposits and reworked grains that form the aquifer materials. Based on the  
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Figure 5-21. Distribution of arsenic concentrations in the Jasper aquifer. Note color codes refer to higher 
values than the Chicot and the Evangeline aquifers due to higher concentrations of arsenic in the 
Jasper aquifer. 

results from unsaturated zone studies, Scanlon and others (2005) suggested that cotton 
production in the southern part of the Gulf Coast aquifer was probably not responsible for 
arsenic pollution of the groundwater except locally. 

We observed that arsenic concentrations become enriched at depth, progressing from the Chicot  
to the Evangeline and to the Jasper aquifers (Table 5-5).There is a large degree of variability in 
arsenic concentrations within each aquifer, as evident from their significant standard deviations 
(Table 5-5). For example, in the Goliad Sand and the Catahoula Formation, arsenic occurs at 
random with depth and shows a wide scatter in concentrations. This irregularity in arsenic 
occurrence may partly be attributed to the depositional facies with finer-grained materials 
containing more arsenic. Brandenberger and others (2004) suggested that arsenic enrichment in  
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Figure 5-22. Relationships in the Evangeline aquifer between: (a) arsenic concentration and well depth, (b) 
concentrations of arsenic and vanadium, (c) concentrations of arsenic and manganese, (d) 
concentrations of arsenic and sulfate, (e) concentrations of arsenic and chloride, (f) Br/Cl weight 
ratios and arsenic concentrations, (g) concentrations of arsenic and molybdenum, and (h) arsenic 
concentrations and oxidation-reduction potential. 
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the groundwater and the surface water in the Nueces River Basin is caused by iron-rich detrital 
clay minerals and not reactive iron oxy-hydroxides.We observed a spatial bias to the occurrence 
of higher concentrations of arsenic in south Texas (in Duval, Webb, Live Oak, Karnes, and Jim 
Wells counties) following the outcrop of the Jasper aquifer (Oakville and Catahoula formations) 
that host most of the uranium deposits (Figures 5-20 and 5-21). Therefore, in addition to the 
reworked volcanoclastic materials, arsenic may source from dissolution of arsenic-rich sulfides 
and/or desorption of iron oxides present in uranium deposits. These sulfide-rich waters may flow 
upward to move dissolved arsenic farther from the source in the Catahoula Formation to the 
Evangeline and the Chicot aquifers. Reductive dissolution of iron hydroxides may cause 
development of arsenic in the reducing parts of the aquifer. 

Low concentrations of dissolved iron and manganese in the groundwater suggest that most of 
these waters are probably under slightly reducing to slightly oxidizing conditions. For example, 
dissolved median values of iron concentrations in the Chicot and the Evangeline aquifers are 
about 0.1 mg/l (n = 1,700). Similarly, dissolved median values of manganese concentrations in 
the Chicot and the Evangeline aquifers are about 0.01 mg/l (n = 442) and 0.02 mg/l (n = 622), 
respectively. Henry and others (1982) used Eh measurements to illustrate that groundwater is 
under oxidizing conditions near the outcrop and progressively becomes more reducing down 
flow paths in the Oakville sand. We observed a poor correlation between arsenic and 
molybdenum (r2 = 0.04) and arsenic and manganese (r2 = 0.05) and a strong correlation between 
arsenic and vanadium (r2 = 0.74) (Figures 5-22b, 5-22c, and 5-22g). A strong association 
between arsenic and vanadium indicate their derivation from similar mineral sources, probably 
from desorption under high pH conditions (Lee and Herbert, 2002; Smedley and Kinniburgh, 
2002). Poor correlations between arsenic and sulfate (r2 = 0.03) (Figure 5-22d), arsenic and 
chloride (r2 = 0.22) (Figure 5-22e), and arsenic and Br/Cl ratios (r2 = 0.02) (Figure 5-22f) suggest 
that arsenic was less likely to have directly derived from the upwelling of deeper formation 
brines. Additional data on redox and nutrient conditions in the groundwater is required to further 
constrain processes responsible for mobilization of arsenic (Chowdhury and others, in prep.). 

Comparison of oxidation-reduction potential to arsenic concentrations in several groundwater 
samples from the Evangeline aquifer indicate that arsenic concentration is higher in slightly-
reducing to slightly-oxidizing (-100 to +100 mV) conditions, perhaps due to preferential 
dissolution of iron sulfides and iron oxides in this environment (Figure 5-22h). A decrease in 
arsenic concentrations under highly oxidizing and highly reducing conditions could probably be 
attributed to arsenic co-precipitation and adsorption by interaction with Fe- and Mn-oxides, as 
well as precipitation of sulfidic minerals containing co-precipitated arsenic in these environments 
(Smedley and Kinniburgh, 2002). 

Radioactivity 

High levels of radioactivity in drinking water are a potential carcinogen to humans (Cech and 
others, 1987b; Hudak, 2005). An association between radioactivity in groundwater and cancer 
has been documented in numerous epidemiological studies (Lyman and others, 1985). Radium-
226 and radon-222, products of the uranium-238 decay series, are the precursors to radioactivity 
observed in groundwater samples. Radium-226 has a half-life of 1,602 years and radium-228 has 
a half-life of 5.7 years (Cech and others, 1987a). Radon-222 has a half-life of 3.82 days. 
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Sediments formed under reducing conditions generally contain high levels of trace metals, 
including uranium and thorium (Langmuir, 1997). The U.S. Environmental Protection Agency 
recommends maximum contaminant levels (MCL) of 15 picocuries per liter (pCi/l) for alpha 
activity or 50 pCi/l for beta activity (U.S. EPA, 1976). 

Methods 

We collected all available radioactivity data on the Gulf Coast aquifer from TWDB’s 
Groundwater Database. We analyzed spatial distributions of radioactivity in the Gulf Coast 
aquifer. We plotted alpha versus beta activities to observe whether any genetic relationship exists 
between them. We also evaluated radium-225 and radon concentrations on a few samples. 

Results 

We analyzed radioactivity levels in samples from the Chicot, Evangeline, and Jasper aquifers 
(Figures 5-20, 5-21, and 5-22). Groundwater from the Evangeline aquifer in Harris County and 
groundwater from the Evangeline aquifer in areas south of Bee County have high concentrations 
of alpha activity relative to the rest of the aquifer system. Radioactivity generally increases from 
the northern part to the southern part of the Gulf Coast aquifer (Figures 5-23, 5-24, and 5-25). 
Radioactivity occurs irregularly with depth and shows no trend in composition (Figures 5-26a, 5-
26c, and 5-26e). Radioactivity in the TWDB’s Groundwater Database is mainly expressed as 
gross-alpha and gross-beta. A small portion of the samples that we examined exceed in alpha 
activity (Table 5-6). Only about one percent of samples from the Chicot aquifer, six percent of 
samples from the Evangeline aquifer, and three percent of samples from the Jasper aquifer have 
more than the MCL for alpha activity (Table 5-6). Nearly all samples that we analyzed are below 
the MCL for beta activity (Table 5-7). We observed low positive correlations between alpha and 
beta activities (r2 = 0.47, r2 = 0.05, and r2 = 0.55 for the Chicot, Evangeline, and Jasper aquifers, 
respectively; Figures 5-26d, 5-26e, and 5-26f). About a dozen samples have radium-226 and 
radon-222 concentrations and corresponding alpha activity in the TWDB’s Groundwater 
Database for the Gulf Coast aquifer. We found that radium-226 concentrations range from 0.6 to 
2.1 pCi/l. Radon-222 concentrations range from 101 to 203 pCi/l with 2 to 21 µg/l of uranium-
238. We observed only a low positive correlation between radon-222 and alpha activity (Figure 
5-26g). 

Discussion 

Several authors have sought to determine the origin of high concentrations of radium-226 in 
groundwater from the Gulf Coast aquifer of Texas (Kraemer and Reid, 1984; Cech and others, 
1987b; Hudak, 2005). They reported that high concentrations of radium in groundwater from the 
Gulf Coast aquifer could probably be related to uranium occurrences in the aquifer materials 
(Cech and others, 1987b). In deeper formation brines of the Texas Gulf Coast, the presence of 
higher concentrations of radium-226 was attributed to formation water and mineral matrix 
reactions and preferential retention of radium-226 ions in solution; at higher salinity, the 
abundant positive ions compete with radium ions for adsorption sites (Tanner, 1964; Kraemer 
and Reid, 1984). 

Cech and others (1987a) observed up to 22.5 pCi/l of radium-226 in groundwater in Harris 
County. They found high concentrations of radium-226 near salt domes, especially in wells 
located at depths between 180 to 350 meters. Due to limited data (n = 7), we were unable to  
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Figure 5-23. Distribution of alpha activity in the Chicot aquifer. 

evaluate any relationship that might exist between radium-226 and alpha activity. Radium-226 
concentrations in the analyzed groundwater are small and range from 0.1 to 0.6 pCi/l. Radon-222 
and alpha activity show moderate correlation (r2 = 0.42; Figure 5-26g). A small portion of the 
samples that we examined exceed the MCL of alpha activity (Table 5-6). Only about one percent 
of samples from the Chicot aquifer, six percent of samples from the Evangeline aquifer, and 
three percent of samples from the Jasper aquifer have alpha activity that exceeds the MCL (Table 
5-6). No preferential enrichment in alpha activity with depth was noted in the Chicot, 
Evangeline, or Jasper aquifers. However, there appears to be a spatial bias, with higher alpha 
activity in the southern and central parts than in the northern part of the Gulf Coast aquifer. This 
enrichment in higher alpha activity may likely be related to higher concentrations of uranium 
deposits, relative abundance of volcaniclastics in the aquifer materials, and wider influx of 
formation brines in the area. 
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Figure 5-24. Distribution of alpha activity in the Evangeline aquifer.  

Most of the groundwater analyzed from the Chicot, Evangeline, and Jasper aquifers has low beta 
activity (Table 5-7). Beta activity is moderately to poorly correlated to alpha activity in the 
Chicot (r2 = 0.47), Evangeline (r2 = 0.05), and Jasper aquifers (r2 = 0.55; Figures 5-23b, 5-23d, 
and 5-23e). Primary sources of beta activity in groundwater include radiation from 40K and 228Ra 
(Welch and others, 1995). Ingrowth of beta-emitting radionuclide can contribute to gross-beta 
activity during sample holding times, particularly in groundwater exceeding gross-beta activities 
of 10 pCi/L (Welch and others, 1995). It is believed that both alpha and beta activities are 
sourced from parent uranium activity in groundwater (Hudak, 2005). Therefore, both these 
parameters should be well correlated. However, we observe that some samples containing the 
highest concentrations of alpha activity have the lowest concentrations of beta activity (Table 5-
7; Figures 5-26d, 5-26e, and 5-26f). Additional information is needed to better constrain the 
sources of alpha and beta activity. The radioactivity in the groundwater is discussed in more 
detail in Chowdhury and others (in prep.). 
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Figure 5-25. Distribution of alpha activity in the Jasper aquifer. 
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Figure 5-26. Relationships between alpha activity and well depth in the (a) Chicot aquifer, (b) Evangeline 
aquifer, and (c) Jasper aquifer; relationships between alpha versus beta activities in the (d) 
Chicot aquifer, (e) Evangeline aquifer, and (f) Jasper aquifer; and (g) relationship between alpha 
and radon-222 activities in the Evangeline aquifer. 
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Table 5-6. Alpha activity in the Chicot, Evangeline, and Jasper aquifers. 

Aquifer
Minimum Maximum Mean Median Percent exceedance Number of samples

Chicot aquifer 0 60 2.90 1.90 1.03 289
Evangeline aquifer 0 208 6.05 2.60 6.27 272
Jasper aquifer 0.20 39 4.45 2.65 3.41 117

Alpha activity (pCi/l)

 

Table 5-7. Beta activity in the Chicot, Evangeline, and Jasper aquifers. 

Aquifer
Minimum Maximum Mean Median Percent exceedance Number of samples

Chicot aquifer 0.00 80.00 4.96 3.60 0.34 289
Evangeline aquifer 0.60 33.00 6.72 4.65 0.00 272
Jasper aquifer 1.20 43.00 9.39 7.70 0.00 117

Beta activity (pCi/l)

 

Relationships between Water-level Decline and 
Groundwater Composition 
Groundwater composition in interbedded sand and shale aquifers are commonly affected by 
decline in water levels in wells. Initial pumping removes water from the sandier portions of the 
aquifer that are readily removed due to higher hydraulic conductivity of the aquifer materials. 
Continued pumping removes water from the more finer-grained clay beds that commonly host 
more saline water. Under natural conditions, recharge to and discharge from an aquifer are in 
equilibrium (Theis, 1940). In order to maintain a dynamic equilibrium in an aquifer, recharge 
must equal to discharge. With continued groundwater pumping, natural discharge areas may 
decrease, recharge areas may increase, and/or aquifer storage may decline. 

Water levels in the Gulf Coast aquifer have declined by several hundred feet due to groundwater 
pumping (Chowdhury and others, 2004; Kasmarek and Robinson, 2004). Water-level decline 
causes expulsion of water from interbedded clays due to compaction and rearrangement of the 
clays (Kasmarek and Robinson, 2004). Continued water-level decline may result in subsidence 
of the land surface. 

Methods 

We developed hydrographs for selected wells using historical information from various parts of 
the Gulf Coast aquifer in areas with large drawdown and/or land-surface subsidence (Harris and 
Wharton counties) to document effects of water-level decline on groundwater composition. To 
investigate the possible relationship between groundwater compositions and water-level decline, 
we plotted TDS, Na, Cl, HCO3, and specific conductance values with water-level decline. 
Relationships between groundwater composition and water-level decline as observed in three 
wells are presented below. 

Results 

We selected a few wells from areas where water levels have declined historically and caused 
land-surface subsidence (Figures 5-27a, 5-27b, and 5-27c). We compared changes in  
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Figure 5-27. Changes in groundwater composition with water-level declines during the historical record from 
selected wells in Harris and Wharton counties. 
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groundwater composition in some of these wells with water-level declines through time. We 
observed that groundwater composition does not appear to significantly change with water-level 
declines (Figures 5-24b and 5-24c). In some cases, a slight but gradual increase in salinity was 
observed (Figure 5-24a). However, in a few shallow wells, water-level decline is associated with 
a freshening of the aquifer probably due to changes in the hydraulic regime that captures fresher 
water from the outcrop. 

Discussion 

Groundwater quality commonly deteriorates with residence time in the aquifer. Therefore, in the 
presence of unstable minerals in the aquifer, progressive water-rock interaction makes 
groundwater more saline. Clays and shale beds contained within the aquifer are inefficient to 
flush out connate water due to their low effective porosities. In the northern part of the Gulf 
Coast aquifer in Texas, excessive groundwater pumping leads to clay compaction that causes 
expulsion of water contained within the pore spaces of the clays (Kasmarek and Robinson, 
2004). More than 25 percent of the groundwater in the northern part of the Gulf Coast aquifer is 
believed to have been derived from clay compaction (Jorgensen, 1975; Kasmarek and Robinson, 
2004). We attempted to evaluate to what extent groundwater becomes saline due to water-level 
decline in wells. 

In several wells, we observed that there are no significant changes in groundwater composition, 
even though water levels declined by hundreds of feet (Figure 5-27b). Composition may not 
change because water that is expelled due to clay compaction occurs through slow diffusive 
processes, as compaction and subsidence is small over time. For example, Gabrysch (1984) 
noted that land-surface subsidence was 0.5 feet from 1964 to 1973. Therefore, a small volume of 
water that is expelled from the clays mixes and become diluted in the larger freshwater reservoir 
in the aquifer. However, in some wells this deterioration in groundwater composition is more 
pronounced where the groundwater becomes more saline with progressive water-level decline 
(Figure 5-27a). This increase in salinity could occur if there is no significant mixing of the water 
expelled from the clays or if the clays had relatively fresher connate water. Jorgensen (1977) 
analyzed groundwater composition from clays at depths of 2 to 24 feet from Harris County. He 
found that groundwater composition is highly variable, generally increases in salinity with depth, 
and has specific conductance values that range from 586 to 2,120 micro-mhos (µmhos). In some 
wells that we analyzed, we note a freshening of the groundwater with water-level decline, 
possibly because pumping alters the natural hydraulic gradient and captures more fresh water 
from the outcrop. Relationships between water-level decline and changes in groundwater 
composition are discussed in more detail elsewhere (Chowdhury and others in prep.). 

Conclusions 
Fresh meteoric water containing less than 300 mg/l total dissolved solids occurs in numerous 
wells throughout the Gulf Coast aquifer in Texas from near land surface to depths of about 2,000 
feet. Sandstone compositions in the northern part of the Gulf Coast are more commonly quartz 
arenite while to the south, sandstone compositions are more likely arkosic and greywackes 
containing abundant feldspar and rock fragments. A dominant quartz composition of the aquifer 
materials may have inhibited mineral reactions, thus retaining low dissolved solids content of the 
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recharge water. Groundwater in the central and southern parts of the Gulf Coast aquifer contains 
significantly more chloride, sulfate, and sodium than in the northern part of the Gulf Coast 
aquifer. These differences in composition from north to south are related to varying lithologies, 
rainfall levels, evaporation rates, and mineral reactions across the Gulf Coast aquifer. Cation 
exchange that removes dissolved calcium from the water and replaces it with sodium ions 
adsorbed on clay surfaces is a dominant process. This is supported from a gradual decrease in 
Ca/Na ratio along flow paths from the outcrop towards the coast. 

Local enrichment in groundwater salinity around salt domes was probably caused by dissolution 
of halite that penetrates the aquifers at different stratigraphic intervals. This is supported by (1) 
low bromide and low bromide to chloride weight ratios (~10-4) in close proximity to salt domes, 
particularly in Brazoria, Harris, and Orange counties and (2) molar Na/Cl ratios close to 1 in 
samples close to the salt domes, as would be expected if dissolution of halite was the source of 
this salinity. When we considered Br/Cl ratios from across the Gulf Coast aquifer in Texas, we 
observed that most of the ratios are an order of magnitude higher than what would otherwise be 
expected if groundwater was mainly affected by halite dissolution. These ratios are more typical 
of seawater or connate formation water. Therefore, these Br/Cl ratios may suggest that some of 
this groundwater is a mixture of fresh meteoric water and connate formation water that escaped 
flushing during low sea-level stands, particularly in the central and the southern parts of the Gulf 
Coast aquifer. Some of this water has very low modern carbon activity indicating their origin 
from older recharge events. Local saltwater intrusion has occurred along the coast in Kleberg, 
Aransas, Matagorda, and Brazoria counties as indicated by higher bromide and potassium 
concentrations in these areas. 

We observed that arsenic concentrations become enriched in progressing from the Chicot to the 
Evangeline to the Jasper aquifers. More arsenic occurs in proximity to the uranium deposits 
contained in the Catahoula Formation. Therefore, arsenic occurrence appears to be related to 
possible dissolution of sulfides and/or desorption of iron oxides from uranium deposits and their 
transport upwards into the Evangeline and the Chicot aquifers. However, arsenic is spatially 
distributed at random suggesting a possible role of iron oxides and sulfides available locally in 
the aquifer materials. Poor correlations between arsenic and Br/Cl ratios, chloride, and sulfate 
suggest that arsenic was less likely to have been directly derived from upwelling of deeper saline 
fluids. Comparison of oxidation-reduction potential with arsenic concentrations in several 
groundwater samples from the Evangeline aquifer indicate that arsenic mobilization is highest 
under slightly-reducing to slightly-oxidizing conditions, perhaps due to preferential dissolution 
of iron sulfides and iron oxides in this environment. 

A small portion of the samples that we examined exceed maximum contaminant levels in alpha 
activity. Only about one percent of samples from the Chicot aquifer, six percent of samples from 
the Evangeline aquifer, and three percent of samples from the Jasper aquifer exceed maximum 
contaminant levels for alpha activity. We did not note preferential enrichment in alpha activity 
with depth in the Chicot, Evangeline, or Jasper aquifers. However, there appears to be a spatial 
bias with higher alpha activity in the southern and central parts than in the northern part of the 
Gulf Coast aquifer. Higher alpha activity may be associated with higher concentrations of 
uranium, relative abundance of volcaniclastics in the aquifer materials, and wider influx of 
deeper formation brines in the area. Most of the groundwater analyzed from the Chicot, 
Evangeline, and Jasper aquifers has low beta activity. 
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Groundwater composition may or may not change with water-level decline, depending on local 
hydrogeologic conditions. In several wells, we observed no significant changes in groundwater 
composition, even though water levels declined by hundreds of feet. This may be due to 
expulsion of connate water from the clays through diffusion and subsequent mixing and dilution 
with the larger freshwater reservoir in the aquifer. In a few wells, groundwater becomes more 
saline with water-level decline. This increase in salinity could occur due to an absence of mixing 
of the connate water with the fresher water in the aquifer. Other wells show a freshening of the 
aquifer with water-level decline, possibly because pumping alters the natural flow system, 
capturing more fresh water from the outcrop. 
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Chapter 6 

Stratigraphy, Lithology, and Hydraulic 
Properties of the Chicot and Evangeline Aquifers 

in the LSWP Study Area, Central Texas Coast 
Steve C. Young1, Paul R. Knox2, Trevor Budge1, Van Kelley, P.G.3, Neil Deeds3,  

William E. Galloway4, and Ernest T. Baker1 

Introduction 
A numerical groundwater model of the Chicot and Evangeline aquifers is under construction for 
the Lower Colorado River Authority-San Antonio Water System Water Project (LSWP) in 
Colorado, Wharton, and Matagorda counties along the Texas Gulf Coast, south of Houston. 
Because the hydraulic properties of the aquifer should correlate with lithology and depositional 
origin, a study defining the comprising formations, their juxtapositional relationships, dominant 
lithologies, and depositional environments was undertaken. 

Previous geologic and hydrogeologic studies and numerical models of the Gulf Coast aquifer in 
the study area are summarized by Young and Kelley (2005). These studies, though of varying 
scope and differing geographic area and stratigraphic interval, have established a general 
framework for the Gulf Coast aquifer, but they can differ appreciably in their details. Our study 
uses the Chicot formations established by Baker (1979) and the formation ages established by 
BEG (1992). This Gulf Coast aquifer framework includes the shallower Chicot aquifer, which is 
composed of the Pleistocene-age Lissie Formation and Pliocene-age Willis Formation, and the 
deeper Evangeline aquifer, which includes the upper and lower Goliad (Miocene-age) 
formations. The goal of this study (Young and Kelly, 2005) is to create a unified and well-
documented geologic and hydrogeologic framework for the Chicot and Evangeline aquifers 
defined at the scale of the geologic formations that compose them. 

                                                 
 
1 URS Corporation 
2 Baer Engineering and Environmental Services, Incorporated 
3 INTERA Incorporated 
4 Institute for Geophysics, The University of Texas at Austin 
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Methods 
Formation-level stratigraphic correlations were tied to outcrop formations from the Geologic 
Map of Texas (BEG, 1992). Subsurface stratigraphic, lithologic, and depositional facies 
interpretations relied upon geophysical logs from a total of 622 wells (Figure 6-1), which include 
300 logs analyzed by Dutton and Richter (1990). A series of six cross-sections through selected 
wells, along with additional wells between sections (140 wells total), were used to establish the 
subsurface stratigraphic framework and interpret depositional facies. Micropaleontology-based 
geologic age boundaries from previous cross-section studies (Dodge and Posey, 1981; Morton 
and others, 1985) were correlated to study wells in order to establish subsurface formational 
boundaries for Miocene-age formations, including the contact of the top of the Miocene and the 
base of Pliocene-age strata. A depth to the base of Pleistocene-age sediments in the subsurface 
was estimated from work by Guevara-Sanchez (1974), also supported by micropaleontology. A 
series of 11 geologic “timelines” from the top of the Lissie Formation to the base of the Goliad 
Formation were correlated throughout the 140 logs by recognition of laterally persistent changes 
in vertical lithology and facies profiles in logs. 

 

 

Figure 6-1. Location of geophysical logs and the six cross-sections. 
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Stratigraphy, Lithology, and Depositional Facies 
The four major formations studied descend from the surface outcrop at the northern fringe of the 
study area into the subsurface to the southeast (toward the coast), as exhibited by cross-section 
50 in Figure 6-2. An area of increased dip occurs along a zone in the northwest part of the study 
area, in central Colorado County, and is sub-parallel to the coast. Updip (northwest) of this zone, 
both the Lissie and Willis formations thin abruptly as they come up to the surface, each 
exhibiting mild erosional truncation of the respectively underlying formation. At outcrop, these 
two formations exist over large areas, most likely as a thin veneer of gravel as little as ten feet 
thick. The boundary between the upper and lower Goliad formations appears to be mildly 
erosional over much of the subsurface area and an abrupt increase in sand content occurs above 
this boundary. The aquifer boundaries as interpreted in the Source Water Assessment and 
Protection (SWAP) Program are also plotted and show the base of the SWAP Chicot aquifer to 
be significantly above the base of the Willis Formation (LSWP base Chicot), by as much as 500 
feet in many areas. Across much the study area the SWAP data places the bottom of the Chicot 
aquifer much closer to the bottom of the Lissie Formation than the Willis Formation. 
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Figure 6-2. Surfaces for five geological formations along cross-section 50. 

Data from the lithologic analyses performed by Dutton and Richter (1990) were significantly 
lower in percent sand class, and absolute values were not used in the mapping process. Instead, 
their relative values were used to guide sand trends in areas where four-fold data were sparse. 
The Lissie and Willis formations contain the highest sand-class percent material (each averaging 
about 65 percent) across the study area, with the greatest sand content in the northeast part of the 
study area. The upper Goliad Formation is approximately ten percent lower in sand-class 
material (average across the study area) than the Lissie and Willis formations, with sand 
dominating the north and east parts of the area. Calculated sand-class values for the lower Goliad 
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Formation are about seven percent lower than those for the upper Goliad Formation, with a series 
of distinctly sandier areas trending northwest to southeast across the study area. The differences 
in the sand-class distributions produced for the Willis and upper Goliad formations are shown in 
Figure 6-3. The sand-class data provide potentially pertinent information regarding the 
discrepancy between the base of the Chicot aquifer in this study and that in the SWAP dataset. 
Sand-class values were tabulated for the Chicot and Evangeline aquifers using the aquifer 
boundaries from the SWAP dataset and those from this study (Table 6-1). As noted by Baker 
(1979), Jorgensen (1975), and Carr and others (1985), the Chicot aquifer is conceptually 
distinguished from the Evangeline aquifer by its distinctly greater hydraulic conductivity, which 
equates to greater sand percent. Table 6-1 was created to help quantify the difference in the sand-
class distributions between the Chicot and Evangeline aquifers in order to provide a framework 
for deciding whether or not our representation of the boundary of the base of the Chicot aquifer 
is reasonable. In Table 6-1, the “LSWP-SWAP” interval is the aquifer volume sandwiched 
between the two approximations of the base of the Chicot aquifer across the study area. Logs 
used by Dutton and Richter (1990) the “LSWP-SWAP” interval have nearly the same sand-class 
distribution as the Chicot aquifer for both sets of boundaries. For the LSWP logs, the “LSWP-
SWAP” interval’s sand-class distribution is intermediate to the distributions for the two aquifers 
but is significantly closer to the distributions for the Chicot aquifer than for the Evangeline 
aquifer. Hence, it would appear that, if the two aquifers are differentiated based on permeability, 
our base for Chicot aquifer is justified and defensible. 

Geophysical log profiles for each of the formations were interpreted as reflecting a regional 
depositional transition from fluvial channel and intervening floodplain facies updip 
(northwestward) to a mixture of bayfill, coastal, incised valley, and shelf facies downdip (toward 
the current shoreline). Fluvial channel facies vary from broad, sand-dominated regions, such as 
in the northwest area of the Lissie Formation (Figure 6-4a), to a series of narrow northwest-
southeast trending areas, such as in the northwest part of the Willis Formation (Figure 6-3a).  
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Figure 6-3. Sand-class distribution maps for the Willis and upper Goliad formations. 
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Table 6-1. Differences in the fraction of sand classes for the Chicot aquifer, the Evangeline aquifer, and a 
volume difference defined by the differences in how the LSWP and SWAP define the base of the 
Chicot aquifer. 

Minimum thickness of sand class interval (feet) 
LSWP Logs Dutton Logs 

 0 20 40 60 80 0 20 40 60 80 
Chicot aquifer 0.69 0.56 0.49 0.40 0.28 0.49 0.42 0.30 0.20 0.15

LSWP-SWAP interval 0.63 0.49 0.41 0.33 0.33 0.49 0.43 0.30 0.24 0.17SWAP 
boundaries 

Evangeline aquifer 0.54 0.39 0.29 0.20 0.14 0.35 0.29 0.18 0.08 0.05
Chicot aquifer 0.68 0.55 0.47 0.39 0.32 0.50 0.43 0.31 0.22 0.15

LSWP-SWAP interval 0.63 0.49 0.41 0.33 0.33 0.49 0.43 0.30 0.24 0.17LSWP 
boundaries 

Evangeline aquifer 0.52 0.37 0.27 0.17 0.12 0.31 0.25 0.13 0.06 0.03

Bayfill facies include river-fed deltas (bayhead deltas) that filled bays with sandy sediments, as 
well as more clay-dominated quiet-water bay settings. Broad sandy areas downdip of fluvial 
facies and containing some upward-coarsening log profiles represent bayhead delta facies, such 
as across the middip areas of the Lissie, Willis, and upper Goliad formations. Narrow sandy 
areas in the downdip part of the study area that are parallel to and just landward of the current 
coastline often contain blocky or slightly upward-coarsening log profiles and are interpreted as a 
mix of coastal facies, including barrier island, shoreline, and delta front settings. Large regions of 
clay-dominated sediment in downdip areas that are crossed by northwest-southeast-trending 
sandy regions are interpreted as shelf settings during periods when sea level is high and as a 
broad area of dry land across which entrenched rivers (incised valleys) flow southeastward to the 
coast when sea level is low (a cycle that repeats every several hundred thousand years). 
Examples of this setting occur near the present shoreline in each of the formations. It is 
important to note that these incised valleys, such as those interpreted near the shore in the lower 
Goliad Formation (Figure 6-4b), provide a focused flow path for brine waters moving upward 
into the aquifers from deeper in the Gulf Coast basin. 
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Figure 6-4. Sand-class distribution maps for the Lissie and lower Goliad formations. 
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Aquifer Summary 
The Chicot and Evangeline aquifers in the LSWP study area have been subdivided into the upper 
Chicot (Lissie Formation), lower Chicot (Willis Formation), upper Evangeline (upper Goliad 
Formation), and lower Evangeline (lower Goliad Formation), using formation boundaries and 
geologic timelines established by outcrop geology and micropaleontologic evidence from the 
subsurface. The upper and lower Chicot aquifers are distinctly sandier than the upper Evangeline 
aquifer, which in turn is sandier than the lower Evangeline aquifer. Sand content of the Chicot 
and upper Evangeline aquifers is greatest in the updip half of the study area, whereas no specific 
area of sandiness is seen in the lower Evangeline aquifer. The sandiest areas in both aquifers may 
be narrow, on the order of ten miles wide, and strongly northeast-southwest trending. This trend 
reflects a series of sedimentary depositional settings from fluvial in the updip (northwest) area to 
bayfill in the middip, and a mix of coastal, incised valley, and shelf in the downdip (southeast) 
area. 

The Chicot-Evangeline aquifer boundary interpreted here is above that established in the SWAP 
dataset over much of the study area by amounts up to 500 feet. Although analysis of lithologic 
data tends to support the LSWP boundary, more study may be needed to understand this 
discrepancy and to evaluate it in a broader geographic context. 

Data Sources Related to Hydraulic Conductivity Values 
To estimate the spatial variability in the hydraulic conductivity field across the study area, we 
used transmissivity values, specific capacity values, sand distribution maps, and depositional 
facies maps. Transmissivity values were collected from two sources. One source consisted of 
tabulated transmissivity values from U.S. Geological Survey and Texas Water Development 
Board reports. The other source consisted of transmissivity values calculated from pumping test 
data obtained from the Texas Commission on Environmental Quality’s Division of Water 
Supply. The specific capacity values were calculated from information collected from water 
driller logs at the Texas Ccommission on Environmental Quality. The sand distribution and 
facies maps were developed from analyses of geophysical logs. 

Screen Length Effect on Hydraulic Conductivity Estimates 

The method of Meyers (1969) was used to calculate hydraulic conductivity from approximately 
400 pumping tests. Figure 6-5 shows how the mean calculated hydraulic conductivity values 
change as a function of screen length. The figure shows a nearly exponential decrease of 
hydraulic conductivity with increases in screen length. Relative changes in normalized specific 
capacity values (specific capacity divided by screen length) can be used to approximate relative 
changes in hydraulic conductivity values. Figure 6-6 shows the average normalized specific 
capacity as a function of well screen length. In general, the trends are consistent with the trends 
obtained with the hydraulic conductivity data set shown in Figure 6-5. 

We attribute the observed trends in Figures 6-5 and 6-6 to three causes. The first cause is that the 
process involved with locating a well screen is not a random process, but rather a very biased and 
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Figure 6-5. Relationship between hydraulic          Figure 6-6.   Relationship between normalized 
conductivity and well screen length.             specific capacity and well screen 
        length. 

systematic process aimed at placing the well screen into one of the aquifer’s more permeable 
intervals. Typically, drillers install well screens across the first reliable producing zone that will 
meet the needs of a client. As the well screen length becomes large with respect to the average 
thickness of the aquifer, the opportunity for the well screen to intersect moderate to low 
permeability deposits increases. Consequently, hydraulic conductivity values calculated from 
pumping wells with small well screens will likely be higher than the average hydraulic 
conductivity of the aquifer. In addition, the calculated hydraulic conductivity is likely to be more 
representative of the aquifer as a whole as the length of the well screen approaches the thickness 
of the aquifer. The second cause for the observed trends in Figures 6-5 and 6-6 is that smaller 
well screens tend to promote non-lateral flow toward a well, which violates the assumption of the 
Meyers (1969) method and thereby leads to overestimation of the hydraulic conductivity. The 
third cause is that a decreasing trend in hydraulic conductivity with depth may be contributing to 
the asymptotic behavior at large screen lengths. One of the factors that could lead to a decrease 
trend in hydraulic conductivity with depth is increased compaction of sediments with depth.  

Hydraulic Conductivity Values 

Hydraulic conductivity values used to constrain a model’s calibration should be representative of 
a scale that is consistent with the volume and size of the numerical model’s grid. Most of the 
model grids in the LSWP groundwater model will be greater than 300 feet thick. In order to 
account for the well screen length bias shown in Figures 6-5 and 6-6, we used a minimum cut-off 
well screen length of 150 feet to develop a set of values for the model calibration (Table 6-2). 
The results in the table demonstrate that the selection criteria have a significant impact on both 
the magnitudes of the averages as well as the relative differences in the averages among the 
different counties. One of the effects of the filtering is to change the location of the highest 
averages from Brazoria and Galveston counties to Wharton and Fort Bend counties. 
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Table 6-2. Arithmetic and geometric means for hydraulic conductivity values for the Chicot aquifer, 
calculated from transmissivity values. 

All qualifying tests Well screens greater than 150 feet 

County Count 

Arithmetic 
average        

(feet per day) 

Geometric 
average     

(feet per day) Count 

Arithmetic 
average      (feet 

per day) 

Geometric 
average       

(feet per day) 
  Brazoria 27 154 98 3 20 10 
  Colorado 8 18 12 7 15 9 
  Fort Bend 14 64 48 6 32 16 
  Galveston 6 74 53 1 NA NA 
  Harris 32 35 27 26 24 14 
  Jackson 87 31 23 74 26 20 
  Lavaca 9 13 11 6 10 9 
  Matagorda 31 50 29 22 21 14 
  Wharton 23 62 42 18 48 20 

Specific Capacity Values 

Figure 6-7 shows the spatial distribution of normalized specific capacity values calculated from 
approximately 300 short-term pumping tests performed in the Chicot aquifer with well screens 
over 100 feet. The results in Figure 6-7, as well as those in plots of the hydraulic conductivity 
values (which are also reflected in Table 6-2), suggest that the highest values in the Chicot 
aquifer occur in the up-dip region of Wharton and Fort Bend counties. 

 

Figure 6-7. Spatial distribution of normalized specific capacity values for the Chicot aquifer. 
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Correlation between Lithology and Hydraulic Conductivity 

To investigate correlations between lithology and hydraulic conductivity in the Chicot aquifer, 
we assembled data for 48 wells with reliable pumping test data and lithologic information. Using 
data from these 48 wells, we developed an equation for predicting average hydraulic 
conductivity based primarily on the percent sands in the deposit that the well screen intersects. 
Minor adjustments existed in the equation to account for the thicknesses of the clay and sand 
beds. Based on the lithologic logs of these wells, the average sand content in the Chicot aquifer 
is 53 percent and an approximate average hydraulic conductivity for sand is approximately 32 
feet per day. As designed, the equation matches the average hydraulic conductivity of the 48 
pumping tests, which is 19 feet per day. The regression analysis indicates that for most of the 
Chicot aquifer, the percent sand coverage is a reasonable indicator of average hydraulic 
conductivity. 

The analysis of the geophysical logs for lithology involved categorizing the interpreted lithology 
into sand and clay classes. Our sand class, for instance, indicates that a deposit is composed of 50 
to 100 percent sands. Figure 6-8 shows the distribution of the thicknesses associated with the 
sand class coverage by county. These results, in combination with results from our regression 
analysis, indicate the highest hydraulic conductivity values should occur within Wharton and 
Fort Bend counties. 

Analysis of the geophysical logs also involved developing chronostratigraphy surfaces and maps 
of depositional facies. Within the Chicot aquifer, there are significant differences among the 
counties regarding the depositional facies associated with the Chicot aquifer. The two counties 
having a distribution of facies most conducive to producing permeable deposits are Wharton and 
Fort Bend counties. 
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Figure 6-8. Distribution of the bed thicknesses of sand class beds in the Chicot aquifer. 
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Hydraulic Conductivity Summary  
Multiple data sources and analysis approaches were investigated for developing estimates of 
spatial variability in the hydraulic conductivity field of the Chicot aquifer in the study area for 
the LSWP. All of the methods produced valuable information, most of which is consistent and 
useful for guiding the development of the groundwater flow model. All methods indicate that the 
highest average hydraulic conductivity values in the Chicot aquifer exist in Wharton and Fort 
Bend counties. Young and Kelley (2005) provide additional details regarding the results. 
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Chapter 7 

100 Years of Groundwater Use and Subsidence 
in the Upper Texas Gulf Coast 

Thomas A. Michel1 

Introduction 
Imagine yourself more than a hundred years ago, living in southeastern Texas. You would have 
faced many challenges, among others: 100 degree temperatures and 80 percent humidity in the 
summers, ruthless mosquitoes, roaming alligators, and a whole host of other challenges of the 
early 20th century that we do not worry about today. One challenge that residents of Galveston, 
Houston, and the surrounding area did not have to face was water. Water was already distributed 
throughout the area, underground, in what is today referred to as the Gulf Coast Aquifer System. 
It was only necessary to drill a shallow well and clean groundwater would flow from the well, 
even without a pump to withdraw it. Water was abundant. 

Today, in the early 21st century, we have air conditioners that counteract the heat and humidity of 
the summer months, government trucks that spray pesticides to greatly reduce the mosquito 
population, and for whatever reasons the alligators don’t seem to roam the streets of downtown 
Houston as they once did. Oh, how the times have changed. As the population grew throughout 
the last century and industries blossomed, the demand for water increased greatly. Unlike 100 
years ago, one of our greatest challenges today is our water supply. You can’t just drill a shallow 
well today in your backyard anymore and expect clean, fresh water to come bubbling up. 

In today’s greater Houston area, groundwater still is utilized by many people, but surface water 
is the predominant supply. Years of increasing demand for groundwater caused irreversible harm 
to the area and measures were taken to combat the problems caused by the over-reliance of 
groundwater. So far, the efforts have been a great success story for the area and residents of 
yesterday should be appreciated for their foresight in developing surface water supplies such as 
Lakes Conroe, Houston, and Livingston. Residents of today’s greater Houston area should be 
thanked for their continued efforts to provide for a reliable and sustainable water supply. Those 
residents yet to arrive to the area need to be reminded of the challenges faced and overcome, but 
also reminded that we will always need to protect our environment from our insatiable thirst for 
water. 

                                                 
 
1 Harris-Galveston Subsidence District 
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The Rise and Fall of Groundwater Pumpage 
At the beginning of the 20th Century, the rather small City of Houston was primarily an 
agricultural area with a population of only 45,000 people. The area gained national recognition 
due largely to the devastation of the Great Storm of 1900 and the many lives that were lost. The 
City of Galveston lost about one-sixth of its population in the storm, but the misfortunes of 
Galveston led to the beginnings of a boom in population that Houston has sustained even to 
today. 

Water from underground in the Gulf Coast Aquifer System was utilized as the predominant 
water supply. The system is made up of layers of clays and sands with no stable rock within the 
primary pumping strata. Groundwater from the Chicot and Evangeline aquifers, within the 
aquifer system, provided the necessary water for developing industries and the population 
necessary to support those industries. The Chicot aquifer is the shallower aquifer within the Gulf 
Coast Aquifer System, with the Evangeline aquifer beneath the Chicot (Figure 7-1). Generally, 
the Chicot aquifer has served the water needs of the southeastern portion of Harris County and 
Galveston County while the deeper Evangeline served the needs of central, north, and west 
Harris County. 

Municipal and industrial water needs began to rise with the oil boom in the early 1900s and the 
development of the Houston Ship Channel. The Port of Houston Authority was created in 1927 
by the Texas Legislature, thus beginning the real boom in industry around the Houston Ship 
Channel. Post-World War II, Houston’s economy had almost entirely switched from agriculture 
to the oil and gas industries and other emerging industries such as plastics. Historically, all of 
these industries and the surrounding municipal use were supplied with water from the Chicot and 
Evangeline aquifers. 

 

Figure 7-1. Illustrated cross-section of the Gulf Coast Aquifer System. 
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In Harris County and the surrounding counties (Figure 7-2), generally referred to as the Greater 
Houston Area, groundwater was withdrawn from the Chicot and Evangeline aquifers as the 
demands rose rapidly. The results of the groundwater withdrawals led to declines in the water 
levels of both aquifers. From 1943 to 1977, the Chicot aquifer experienced water-level declines 
of as much as 200 feet, while the Evangeline aquifer had declines on as much as 300 feet (Figure 
7-3). Declines within both aquifers were generally recorded in central and southeastern Harris 
County and throughout Galveston County. 

 

Figure 7-2. Map of Harris and surrounding counties, showing the boundaries of the subsidence 
districts. 

The water level declines within the two aquifers would prove to be related closely to the 
phenomenon that some were beginning to see in the land-surface elevations. With the large 
amount of groundwater that was being pumped from underground throughout most of the 20th 
century, water levels were declining, but groundwater was also literally being “sucked” from the 
layers of clays within the aquifers. The clays compacted due to the reduced internal pressure in 
the clays and the overburden, resulting in land-surface subsidence. 

Beginning to a large extent in the mid-1970s, surface water started to be utilized as a 
replacement of groundwater. Galveston County began converting from groundwater to surface 
water from the Brazos River through a series of over-land canals that brought water to the Texas 
City population and industries. The cities of Baytown, Houston, Pasadena, and others, along with 
major industries along the coast, converted most of their groundwater use to surface water from 
the San Jacinto and Trinity rivers. Groundwater withdrawals within Harris and Galveston 
counties were reduced considerably and quickly from a high in 1976 of 456 million gallons per 
day (Figure 7-4). In 2004, the last year for which groundwater withdrawals have been quantified, 
groundwater withdrawals within the two counties had been reduced to 245 million gallons per 
day (Figure 7-4). 
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Figure 7-3. Evangeline aquifer, water-level declines 1943–1977 (Kasmarek, 2005). 

As the population in the greater Houston area exploded and overtook historically agricultural 
lands, agricultural use diminished to only five percent of the total groundwater usage (light grey 
bars—Figure 7-4). Industrial groundwater usage (dark grey bars—Figure 7-4) decreased rapidly 
with the introduction of surface water in the mid-1970s and makes up only six percent of the 
2004 total groundwater produced. While municipal groundwater use in Galveston County and 
the central and southeastern portions of Harris County decreased dramatically from the mid-
1970s, the northern and western portions of Harris County continued to grow on groundwater. In 
2004 municipal groundwater use (black bars—Figure 7-4) made up nearly 90 percent of the total 
groundwater production in Harris and Galveston counties, with about 220 million gallons per day 
being pumped from the unconverted northern and western Harris County. 

Hopefully, groundwater usage in Harris and Galveston counties has seen its high point. With the 
groundwater regulations that face the area, more conversions from groundwater to surface water 
are just around the corner. By the year 2010, north and west Harris County will join the others 
within the greater area with a 30 percent reduction in groundwater use. By the year 2030, total 
groundwater usage within Harris and Galveston County should be far less than 20 percent of 
total water demand. 

Tale of the Subsidence District 
Around 1920, in the Goose Creek Oil Field in Baytown, Texas, on the Gaillard Peninsula, oil and 
gas was beginning to be rapidly withdrawn from relatively shallow wells. In 1926, Wallace Pratt  
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Figure 7-4. Groundwater pumpage 1976 to 2004, Harris and Galveston counties. 

and Douglas Johnson published the first known documentation of subsidence (Pratt and Johnson, 
1926). Pratt and Johnson documented roughly three feet of subsidence in a very localized area 
over an eight year period from 1917 to 1925. The oil and gas was being withdrawn from a depth 
about twice that from which water would eventually be pumped. 

Pratt and Johnson were the first authors of a subject that would unfortunately lie dormant in the 
area for roughly 50 years. Again, the Baytown area took center-stage. The Brownwood 
Subdivision is a very nice subdivision on a peninsula along the San Jacinto River within about 
five miles of the Goose Creek Oil Field. In the late 1950s and early 1960s, residents of 
Brownwood had a sinking feeling. They noticed that the water was rising. In reality the water 
wasn’t rising—the land was sinking. It would take Hurricane Carla in 1961 to bring serious 
attention to the problem of subsidence in Baytown and other areas around Houston. Texas City, 
which was just a little higher than sea level in some areas in the 1960s, began noticing that 
elevations were changing. Industries along the Houston Ship Channel were finding that the ships 
they were servicing in the Ship Channel were increasingly higher than the docks and loading 
facilities.  

Pratt and Johnson had touched on a cause and effect. When fluids were withdrawn from the 
compactable subsurface, compaction would result and the land surface would subside. The 
trouble with their work in the late 1920s was that it was focused on oil and gas production and 
not water. Excessive groundwater withdrawals would be found to be the culprit of the vast 
majority subsidence throughout the greater Houston area. By the late 1970s, subsidence had 
surpassed nine feet along the Houston Ship Channel and as much as five feet in the Texas City 
area, with a large part of Harris County experiencing at least one foot of subsidence (Figure 7-5). 

In 1975, the 64th Texas Legislature created the Harris-Galveston Coastal Subsidence District (the 
District). In 2005, the Legislature modified the District’s enabling act, removing the word 
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“coastal” from the name and placing the District within Chapter 8801 of the Special Districts 
Code. The purpose of the District has always remained as the need to regulate groundwater 
withdrawals as they relate to land-surface subsidence in Harris and Galveston counties. In 1990,  

 

Figure 7-5. Subsidence, 1906 to 1978. 

the Legislature created the Fort Bend Subsidence District, and the two Districts cooperate on an 
annual basis to halt subsidence within Fort Bend, Galveston, and Harris counties. The District 
immediately began a permitting effort to require permits for non-private household water wells 
and called for the installation of meters on virtually all permitted wells. 

The District then set out on the task of understanding all of the technical factors associated with 
groundwater withdrawal. They began studies to determine the relationships between 
withdrawals, water-level declines, compaction of the subsurface clay layers, and the land-surface 
elevations. The District started a wide area water-level monitoring network with the U.S. 
Geological Survey in 1977 for the Chicot and Evangeline aquifers. The District also established 
a strong relationship with the National Geodetic Survey to conduct accurate first-order 
benchmark re-levelings throughout the area. 

The District’s first major regulatory effort was the adoption of the 1976 Regulatory Plan. Due to 
the infancy of the District, the 1976 Plan was not a “mandate” but rather a suggestion or plea to 
the major permittees along the coast. The 1976 Plan mapped out an area that a storm surge of 15 
feet would inundate and labeled it the Area of Concentrated Emphasis (ACE). Within the ACE, 
the District called upon permittees to voluntarily do whatever they could to reduce groundwater 
withdrawals. Cities and industries had already begun to realize the effects of their groundwater 
withdrawals and started to convert to alternative water supplies. 

In 1985, after a number of years of collecting data and studying the relationship between 
groundwater and subsidence, the District adopted the first mandated groundwater reductions. 
The 1985 Regulatory Plan borrowed upon the ACE and mapped out what is still referred to as 
Regulatory Areas 1 and 2. There were eight regulatory areas in total, all with groundwater 
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reduction requirements scheduled for the future. Areas 1 and 2 were required to convert 90 
percent and 80 percent, respectively, of their total water demand from groundwater to surface 
water. Due to the cooperation experienced with the 1976 Plan from the District’s permittees, a 
large amount of the required conversions had already occurred. The 1986 Plan worked well in 
the more coastal areas of the District. Subsidence rates slowed dramatically in southeastern 
Harris County and were halted throughout most of Galveston County (Figure 7-6). 

 

Figure 7-6. Subsidence, 1978 to 1995. 

With the successes of the 1976 and 1985 Plans, the District’s efforts continued to move farther 
inland. Water demands were increasing with the growing population in the remaining parts of 
Harris County. In 1992, with more than fifteen years worth of groundwater pumpage history and 
water-level measurements in the aquifers and two large area land-surface benchmark elevation 
re-levelings (1978 and 1987), the District adopted an update to the 1985 Plan. Again, due to the 
successful implementation of the existing regulations for the 1976 ACE and 1985 Areas 1 and 2, 
those areas were not the focus of the 1992 Plan (Figure 7-7). The total number of regulatory 
areas was reduced to seven. Areas 3 through 7 were redrawn based on predicted water demands 
and new conversion schedules were determined based on the effects of the predicted 
groundwater withdrawals. The 1992 Plan did not endure for long, however. 

Some additional factors became evident by 1994: the 1990 census data was indicating different 
population growth patterns and the regulation strategy that had been so successful along the coast 
would be almost impossible to implement in the more inland areas. The District took five years 
and reworked every technical piece of the subsidence puzzle. Population projections were 
developed using the 1990 Census as the base-line. Estimated growth was divided into small grid 
cells about seven square miles. A new groundwater model was created for the area and calibrated 
using the pumpage history and water-level measurements taken over the 20-year life of the 
District. More than 20 site specific, highly detailed and researched areas were developed for use 
as subsidence models. Last, but not least, the District studied the political subdivision makeup of 
the area to the north and west. 
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Figure 7-7. Groundwater pumpage from 1976 to 2004 for Regulatory Areas 1 and 2. 

The effects undertaken from 1994 to 1999 led to the adoption of the 1999 Regulatory Plan. 
Again, the areas that had already converted were not tinkered with much. What were four areas 
in the 1992 Plan became just one large area in the 1999 Plan and labeled Area 3. The 
determination was made that the average size and shear number of permittees, typically 
municipal utility districts, were not individually sufficient to convert from groundwater to 
surface water in an economical manner. In Areas 1 and 2, the District had dealt mainly with large 
entities, such as the City of Houston, Pasadena, Baytown, and Texas City, along with the large 
industries along the Houston Ship Channel. Those permittees were closer to surface-water 
sources and large enough to fund the necessary project to build the needed conversion 
infrastructure. In Area 3, with over 400 municipal utility districts and other smaller permittees, 
cooperation amongst the permittees was paramount. 

The 1999 Plan allowed permittees in Area 3 to work together to collectively meet the District’s 
mandated conversions from groundwater to alternative supplies. The 1999 Plan revised the 
conversion schedule with the first mandated reduction in Area 3 set to occur in 2010 at 30 
percent of the total water demand. Two more conversions would be necessary, in 2020 and 2030, 
to get to the ultimate goal of groundwater constituting only 20 percent of total water demand in 
Area 3. With the projected implementation of the 1999 Regulatory Plan, subsidence rates would 
slow dramatically from 2010 to 2020 and then halt from 2020 to 2030 (Figure 7-8). Water levels 
within the aquifer are predicted to rebound by as much as 125 feet with successful groundwater 
withdrawal reductions. 

The driving force behind the requirements in the 1999 Plan was the adoption of a Disincentive 
Fee. The Disincentive Fee is a permit fee for those permittees that refuse to comply with the 
District’s regulations. When it was adopted in 1999, the Fee was set at $3.00 per thousand 
gallons. It has since been increased to $3.50 per thousand gallons. It is charged against 
groundwater withdrawn in excess of the 20 percent of the permittee’s total water demand IF the  
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Figure 7-8. Predicted subsidence assuming implementation of the 1999 Regulatory Plan. 

permittee has not complied with the District’s regulations. The Disincentive Fee went into effect 
for Areas 1 and 2 in 2001 and for Area 3 in 2003. To avoid the Disincentive Fee, a permittee 
could remain at or below the allowable limit of groundwater: 10 percent for Area 1, 20 percent 
for Area 2, and 20 percent for Area 3. In Area 3, permittees could also avoid the Disincentive 
Fee between 2003 and 2010 by developing and implementing a Groundwater Reduction Plan 
that outlined how the permittee would meet the 2010, 2002, and 2030 reduction requirements. 

The District’s 1999 Regulatory Plan has been very successful. Groundwater withdrawals have 
already begun to decline in Area 3, more than five years ahead of schedule. Permittees have 
worked together to form collective Groundwater Reduction Plans, most notably the North Harris 
County Regional Water Authority, the West Harris County Regional Water Authority, the City 
of Houston and the permittees that have joined with Houston, and other smaller individual and 
combinations of permittees. To the District’s delight, very few Disincentive Fees have had to be 
issued. Since 2001, only about $500,000 in Disincentive Fees have had to be billed and collected 
in total out of a potential for $60 million annually. 

Conclusion 
The Harris-Galveston Subsidence District is celebrating its 30th Anniversary in 2005. In thirty 
years, the District has permitted over 10,000 water wells within its two counties, aided in the 
creation and operation of the Fort Bend Subsidence District, assisted in the monitoring of more 
than 500 water wells annually, conducted three major first-order benchmark re-levelings from 
stable inland elevations, led in the development of new technologies such as GPS to measure 
subsidence, been involved with six generations of groundwater models, and worked and 
reworked four major regulatory plans. The District has been responsible for the development of 
the regulations which required the conversion of millions of gallons daily from groundwater 
sources to surface water sources. The historical cost of the District’s regulations in today’s 
dollars would surely be in the billions. The cost of the District’s regulations to the residents of 
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today and tomorrow will be even greater. The District has never taken its mission lightly and 
certainly understands the magnitude of the impacts of its regulations. The real successes are the 
motivating factors. 

Due to the successes of the past, some would believe subsidence is something to read about in 
history books. One only needs to look at places such as Baytown, Texas City, and the Houston 
Ship Channel to see the effects of subsidence. While subsidence has been halted in those areas, 
new generations must be reminded of the problems of over-relying on groundwater as a source 
of water. The residents of the greater Houston area have accepted the challenge of combating 
subsidence and are moving forward. Nothing can be done about the subsidence that has already 
occurred. The mission of the Subsidence District is to prevent future subsidence. The risks of 
failing are too great to sit back and admire previous accomplishments. More data is being 
collected today than ever before. A greater understanding of the relationships between 
groundwater pumpage and subsidence has never existed before. The tools of today, necessary to 
predict future water-level changes and subsidence, have never been more accurate. The District’s 
policy makers of tomorrow will have the best data and tools available to them to make the 
difficult decisions about groundwater management in the greater Houston area. They will have to 
always be looking to the past to understand how the future will unfold, but looking to the future 
to see how they can understand the past better. 
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Chapter 8 

Dry Periods and Drought Events of the  
Gulf Coastal Region 

Robert G. Bradley, P.G.1 

Introduction 
The purpose of this chapter is to describe the dry periods that have occurred and to identify the 
major drought events along the Gulf Coast of Texas. The Palmer Drought Severity Index and 
Standardized Precipitation Index will be used to identify major events. A tabulation of dry 
periods is included as a reference. 

The study area is roughly the area coved by the Gulf Coastal plain of Texas (Figure 8-1). 
Because of the large study area, it covers parts of five climatic divisions (Figure 8-1) as defined 
by the National Oceanic and Atmospheric Administration. Climatic divisions are reporting 
regions within a state that are generally climatically homogeneous and are used to report climatic 
data such as drought indices (NCDC, 1983). 

The climate of the study area varies. Average annual precipitation varies from less than 20 inches 
along the Rio Grande to more than 60 inches along the Sabine River (NCDC, 2002). The eastern 
two-thirds of the study area have a subtropical humid climate that has warm summers, while the 
southern third of the area has a subtropical subhumid climate characterized by hot summers and 
dry winters (Larkin and Bomar, 1983). 

Palmer Drought Severity Index 
Discussions about agricultural, meteorological, or hydrological drought typically look at parts of 
the hydrological cycle. One misconception is that a specific drought index is the only technique 
to characterize a drought event. For example, the Palmer Drought Severity Index (PDSI) and 
most other indices use a single number representing the general dryness conditions at a 
measurement location. 

The PDSI is the most commonly used drought index in the United States. In Texas, it is the 
standard “Drought Index” for determining dry or drought conditions. Yet, due to the spatial scale  

                                                 
 
1 Texas Water Development Board 
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Figure 8-1. Study area showing the National Oceanic and Atmospheric Administration climatic divisions 
and Historical Climatology Network weather stations used in this chapter (NCDC, 1983; 
Williams and others, 2005). 

at which the PDSI is calculated, the index is not suitable for determining local drought 
conditions. 

The PDSI series ranges roughly from -6.0 to +6.0. The base index of the Palmer Index series is 
called the “Z” index, which is assumed to represent moisture conditions. Palmer (1965) selected 
the classification scale of moisture conditions based on study areas in Iowa, Kansas, and Texas. 
A listing of the PDSI classifications is in Table 8-1. 
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Table 8-1. Classifications of the Palmer Drought Severity Index and Texas Drought Preparedness Council 
drought evaluation process (DPC, 2005). 

Palmer classifications Drought Preparedness Council classifications 
Range Description Range Description Stage Stage no. 

 4.00 or more Extremely wet     
 3.00 to 3.99 Very wet     
 2.00 to 2.99 Moderately wet     
 1.00 to 1.99 Slightly wet     
 0.50 to 0.99 Incipient wet spell     
 0.49 to -0.49 Near normal     
-0.50 to -0.99 Incipient dry spell     
-1.00 to -1.99 Mild drought -1.00 to -1.99 Abnormally dry Advisory 1 
-2.00 to -2.99 Moderate drought -2.00 to -2.99 First-stage drought Watch 2 
-3.00 to -3.99 Severe drought -3.00 to -3.99 Severe drought Warning 3 

-4.00 to -4.99 Extreme drought Emergency 4 -4.00 or less Extreme drought 
-5.00 or less Exceptional drought Disaster 5 

Values of historical monthly long-term PDSI are available for the entire United States from 1895 
to the present (NCDC, 2005). To analyze this historical information, graphs of these PDSI values 
for the five climatic divisions within the Gulf Coast area are shown in Figure 8-2. 

Defining a threshold to aid in the analysis of drought data is a common way to define drought 
events (Hisdal and Tallaksen, 2000). For analysis of the PDSI, the stages from the Texas 
Drought Preparedness Council’s drought evaluation process are used as the ranges for this 
analysis (TDPC, 2005). To filter out “normal” dry periods, a period of twelve months establishes 
the minimum for an abnormally dry period. 

Table 8-2 lists the historical dry periods and drought events for the study area. A discussion of 
the most severe events and the most recent events are included in this chapter. Based on the 
selection criteria, abnormally dry periods occur within the five climatic divisions approximately 
20 to 30 percent of the time. The events reach up to 85 months in duration. The average 
abnormally dry period lasts approximately two years. The median period ranges from 16 months 
in East Texas climatic division up to 34 months in the Lower Valley. 

East Texas Climatic Division 

In the East Texas climatic division, the dry periods range in duration from 12 to 36 months with 
a median duration of 16 months (Figure 8-2; Table 8-2). Generally, these events start in the late 
fall months (Table 8-2). 

The most severe drought event occurred from November 1915 to September 1918. This event 
had four months in which the PDSI values were equal to or less than -5.0. These values occurred 
in February, March, July, and August of 1918. Most of this event stayed in mild to moderate 
drought conditions, according to the PDSI classification. The second most severe event occurred 
between July 1924 and August 1925; it lasted just 14 months, but the PDSI stayed below -5.0 for 
a total of five months between April and August of 1925. The next two most severe periods were  
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Figure 8-2. Long-term Palmer Drought Severity Index by climatic division (NCDC, 2005). 
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Table 8-2. East Texas dry periods and drought events based on the long-term Palmer Drought Severity 
Index (NCDC, 2005). 

 Period Months in DPC stage 
  Start End 1 2 3 4 5 

Total 
months 

May 1896 May 1898 6 15 4   25 
May 1901 August 1902 1 7 8   16 

December 1908 November 1909 7 5    12 
November 1915 September 1918 8 13 4 6 4 35 

July 1924 August 1925 1 2 4 2 5 14 
April 1939 March 1940 4 6 2   12 

November 1942 December 1943 3 11    14 
November 1950 October 1952 5 8 10 1  24 
November 1955 February 1957 1 7 2 6  16 
December 1962 November 1965 9 16 11   36 
December 1966 November 1967 5 6 1   12 
December 1970 December 1972 6 6 1   13 

June 1977 October 1978 9 4 4   17 

Ea
st

 T
ex

as
 

 August 1999  October 2000 5 6 4   15 
May 1896 May 1898 13 12    25 

 January 1909  April 1910 12 4    16 
 August 1910  November 1911 8 7 1   16 

 June 1915  September 1918 6 7 13 11 3 40 
 July 1924  August 1925 2 2 4 4 2 14 

 August 1937  September 1940 4 10    14 
 September 1950  April 1953 10 8 12 2  32 

 February 1954  February 1957 4 6 16 6 5 37 
 February 1962  November 1965 8 25 11 2  46 

U
pp

er
 C

oa
st

 

 August 1999  October 2000 2 2 5 6  15 
May 1896 May 1897 10 3    13 

 August 1901  June 1902 6 4 3   13 
 January 1909  November 1911 1 12 18 4  35 

 September 1915  September 1918 4 5 8 4 16 37 
 August 1924  August 1925 3 3 4 2 1 13 

 June 1927  October 1928 4 14    18 
 September 1938  May 1940 6 3 12   21 

 October 1950  February 1957 10 8 23 22 14 77 
 February 1963  December 1964 3 18 7 6 1 35 

 August 1977  August 1978 10 3    13 
 August 1988  December 1990 6 17 10   33 

So
ut

h 
C

en
tra

l 

 October 1999  September 2000 2 7 2 1  12 
 June 1901  June 1902 9 4    13 

 January 1909  August 1913 22 22 11 1  56 
 January 1916  October 1918 4 9 13 8  34 

 May 1927  April 1929 16 8    24 
 February 1937  March 1938 8 3 3   14 

 September 1938  February 1940 10 8    18 
 February 1950  February 1957 8 20 36 19 2 85 

 December 1961  February 1965 7 17 15   39 

So
ut

he
rn

  

 December 1987  January 1990 4 12 7 3  26 
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Table 8-2. Continued. 

 

 

 

 

 

DPC = Texas Drought Preparedness Council 

 

November 1950 to October 1952 and November 1955 to February 1957. Severe drought 
conditions dominated both of these periods. The most recent event occurred from August 1999 to 
October 2000 and lasted 15 months. This event reached severe drought conditions (greater than -
3.0 PDSI) but did not go into the extreme drought conditions. 

Upper Coast Climatic Division 

In the upper coast climatic division, the periods range in duration from 14 to 46 months, with a 
median period of 16 months (Figure 8-2; Table 8-2). 

Two events of similar duration are the most severe for this area. The longer of these two events 
was between June 1915 and September 1918, lasting for 40 months. This event had three 
months, January to March of 1918, in which the PDSI values were less than -5.0, or exceptional 
drought conditions. During most of this period, the PDSI was between -5.0 and -3.0. The shorter 
episode occurred between February 1954 and February 1957. This event lasted 37 months. For 
five months, September to November of 1956 and January and February of 1957, the PDSI 
showed exceptional drought conditions. Throughout this event, the PDSI stayed between -3.00 
and -3.99 for 16 months. 

Preceding this event was a 32-month event between September 1950 and April 1953. Combining 
this with the 1954 to 1957 event would make this the most severe drought event for the upper 
coast climate division. 

A short-term severe event occurred from July 1924 to August 1925; although only lasting 14 
months, the PDSI stayed in extreme drought conditions for 6 months. 

The longest event recorded lasted 43 months, from February 1962 to November 1965. It was less 
severe than the 1915 to 1918 event because the PDSI values are not as severe. 

 Period Months in DPC stage 

 Start End 1 2 3 4 5 
Total 

months 

 February 1996 February 1997 3 8 2   13 
 January 1909  February 1912 20 17 1   38 
 October 1915  October 1918 12 17 8   37 

 June 1927  April 1929 17 7    24 
 October 1938  February 1940 8 6 3   17 

 May 1945  July 1947 17 10    27 
 June 1949  October 1954 7 30 22 6  65 

 January 1955  October 1957 13 12 9   34 
 February 1962  September 1965 14 22 8   44 

 November 1988  March 1991 4 17 8   29 
 April 1994  July 1995 9 7    16 

Lo
w

er
 V

al
le

y 
 

 November 1999  August 2002 3 16 13 2  34 
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The most recent event occurred from August 1999 to October 2000 and lasted 15 months. This 
event reached extreme drought conditions (under -4.0 PDSI), but did not go into exceptional 
drought conditions. 

South Central Climatic Division 

In the south central climatic division, the twelve periods identified range in duration from 12 to 
77 months, with a median period of 18 months. One-third of the events in this area lasted greater 
than two years in duration (Figure 8-2; Table 8-2). 

The period from October 1950 to February 1957 was the most severe event for the south central 
climatic division and the second largest duration event for the entire study area, based on the 
selection criteria. This event lasted for 77 months, remained between -5.0 to -4.0 PDSI for 22 
months, and was below -5.0 for 14 months. This period is approximately twice the duration of 
any other event in the south central climatic division. 

The second most severe event occurred between September 1915 and September 1918. This 
event lasted 37 months and remained in the exceptional drought category for 16 months, or 
approximately one-third of the time. 

The most recent event occurred between October 1999 and September 2000 and lasted for 12 
months. This was a mild event, with the PDSI only reaching extreme drought conditions for one 
month. 

Southern Climatic Division 

The southern climatic division had 10 events ranging from 13 to 85 months in duration, with a 
median event of 26 months (Figure 8-2; Table 8-2). 

The longest event in the study area and worst event in the southern climatic division occurred 
from October 1950 to February 1957, lasting 85 months. This event remained in extreme drought 
conditions (PDSI less than -4.0) for 21 months.  

The second longest event occurred over 56 months from January 1909 to August 1913. For most 
of this dry period, the PDSI remained between -1.0 and -4.0 (extreme drought) for 55 months, 
with one month—September of 1911—reaching -4.0. 

The latest event occurred between February 1996 and February 1997. This was one of the 
mildest events to occur within the southern climatic division. The PDSI remained between -1.0 
and -4.0 for its duration. 

Lower Valley Climatic Division 

Drought events in the lower valley climatic division ranged from 16 to 65 months in duration, 
with a median period of 34 months. The duration of 9 out of the 11 events for the lower valley 
are 2 years or longer (Figure 8-2; Table 8-2). The events in this area start and end at any time of 
year (Table 8-2). 



 
 

156

The most severe event in this climatic division was during the period between June 1949 and 
October 1954. This episode lasted for 65 months. The PDSI shows that the area was under 
extreme drought conditions for six months but was in mild to severe drought the rest of the 
period. 

Subsequent to this event was a 34-month event between January 1955 and October 1957. 
Combining this with the 1949 to 1954 event would make this the most severe drought event for 
the lower valley climatic division. Also, prior to the 1949 to 1954 event, a mildly dry period of 
27 months between May 1945 and July 1947 exacerbated to the severity of the subsequent 
events. 

The second most severe event lasted 44 months, from February 1962 to September 1965. The 
event was dominated by mild to moderate drought conditions. 

Standardized Precipitation Index 
To quantify precipitation deficits, the Standardized Precipitation Index (SPI) is used to show dry 
periods within the study area. McKee and others (1993) developed the SPI to show precipitation 
deficits at different time scales. For example, soil moisture responds to precipitation deficits on a 
short time scale, while groundwater and surface water respond to precipitation deficits on a 
longer time scale. Because of this, McKee and others (1993) originally calculated the SPI for 3-, 
6-, 12-, 24-, and 48-month time scales, which indicate different types of drought events based on 
precipitation deficits. 

To compute the SPI, precipitation stations with long-term records (more than 30 years) are used. 
The data set is put into a probability distribution appropriate for the data set and transformed into 
a normal distribution. The result is that the mean SPI for the station and desired period is zero 
(Edwards and McKee, 1997). Positive SPI values show above mean precipitation, whereas 
negative values signify below mean precipitation. Additionally, values of SPI between -1.0 and 
1.0 represent the “normal” precipitation range. Because the SPI is normalized, wet and dry 
periods can be represented in similar ways. The SPI can also be used to monitor wet periods. The 
National Drought Mitigation Center categorized SPI Values with descriptive terms—these are in 
Table 8-3. 

Table 8-3. SPI values classification (NCDC, 2005). 

SPI values 
2.00 and more extremely wet 
1.50 to 1.99 very wet 
1.00 to 1.49 moderately wet
-0.99 to 0.99 near normal 
-1.00 to -1.49 moderately dry 
-1.50 to -1.99 severely dry 
-2.00 and less extremely dry 

SPI = Standardized Precipitation Index 
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The SPI can be calculated on any time scale, but the number associated with the SPI value 
represents the period used for analysis. For example, a six-month SPI for January 2001 would 
use the precipitation for August 2000 to January 2001 to calculate the SPI. A comparison of 
similar periods (August to January) throughout the data set is possible. 

SPI values were calculated by using the SPI_SL_6 program provided by the National Drought 
Mitigation Center (2005). Eight stations were selected from the U. S. Historical Climatology 
Network Monthly Temperature and Precipitation Data (USHCN) from the National Climatic 
Data Center (Williams and others, 2005), which is a long-term historical data set used for 
climatic studies. 

Because the SPI requires long-term data sets, there are gaps within the selected station records at 
the beginning and ends of the records. Only three stations, Brenham, Corpus Christi, and 
Danevang have records from the late 1800s through 2002, the last year available from the 
USHCN. 

The 12-month SPI is used to filter out short-term dry periods and to provide a good measure of 
intermediate drought conditions (Edwards and McKee, 1997; d Ó, 2005). In addition, the 
analysis includes a minimum duration of 12 months. A list of events at each station within the 
Gulf Coast region is in Table 8-4. The selected stations fall within the upper coast, south central, 
and southern climatic divisions.  

According to McKee and others (1993), a drought event for any time scale is defined as a period 
in which the SPI is constantly negative and the SPI reaches a value of -1.0 or less. The drought 
event starts when the SPI first becomes negative and ends with the next positive value of SPI 
following a value of -1.0 or less. D Ó (2005) discusses methods to identify drought events using 
the SPI. Each event has a start, an end, a duration (in months), an intensity, and a severity 
ranking. The intensity equals the individual SPI monthly values; severity is the positive sum of 
the SPI values within an event. The frequency of events is the ratio of duration to the number of 
events. For all the stations, the average length of drought events is 25 months and most events 
occur every 5 to 6 years. 

Upper Coast Climatic Division 

The Danevang station (Wharton County) (Figures 8-1 and 8-3) shows 19 drought events (Table 
8-4), with a median duration of 18 months. The 12-month SPI shows the longest and most severe 
event occurred from October 1915 to June 1919. This event lasted for 45 months. 

The Liberty station (Liberty County) (Figures 8-1 and 8-3; Table 8-4) data period is from 1934 to 
1999. Eleven events are identified for this station, which have median duration of 24 months. 
The SPI evaluation shows the longest duration event lasted 49 months, from January 1962 to 
January 1966. It is the second most severe event for this station. The most severe event, lasting 
41 months, occurred between November 1975 and March 1979. The highest magnitude event 
lasted 24 months between June 1947 and May 1949. 

South Central Climatic Division 

The Brenham SPI values (Washington County) (Figures 8-1 and 8-3) show 18 drought events 
(Table 8-4) with a median duration of 23 months. The SPI shows the longest duration event  
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Table 8-4. Duration and severity of dry periods based on the 12-month SPI. 

  
Station Begin End Duration 

(months) 
Duration 

rank Severity Severity 
rank 

January 1897 March 1898 15 14 8.15 17 
July 1901 November 1902 17 11 25.19 7 

November 1911 January 1905 15 15 4.95 19 
November 1908 November 1911 37 4 40.12 3 
December 1912 April 1914 17 12 15.84 11 

October 1915 June 1919 45 1 73.30 1 
September 1924 February 1926 18 9 24.26 8 

May 1927 December 1928 20 8 22.82 9 
December 1930 July 1932 21 7 10.47 15 

May 1937 October 1940 42 3 27.92 6 
February 1943 February 1944 13 18 7.80 18 

August 1948 September 1949 14 17 13.61 12 
October 1950 September 1953 34 6 39.89 4 

May 1954 March 1957 35 5 48.78 2 
September 1962 March 1966 43 2 35.61 5 

February 1967 May 1968 16 13 18.59 10 
September 1977 February 1979 18 10 11.80 13 

July 1980 September 1981 15 16 11.75 14 

Danevang 

September 1987 August 1988 12 19 9.65 16 
October 1938 November 1940 26 5 23.05 7 
October 1942 April 1944 19 10 19.01 9 

June 1947 May 1949 24 6 30.83 4 
October 1950 April 1952 19 9 22.11 8 

May 1954 June 1957 38 3 27.83 5 
January 1962 January 1966 49 1 39.08 2 

November 1966 September 1968 23 7 23.80 6 
December 1968 September 1970 22 8 15.22 10 
December 1970 May 1973 30 4 34.48 3 
November 1975 March 1979 41 2 45.90 1 

Liberty 

June 1988 May 1989 12 11 12.33 11 
January 1893 July 1894 19 12 11.91 14 

June 1896 January 1898 20 11 11.64 15 
July 1901 September 1902 15 14 24.17 9 

December 1908 February 1912 39 3 29.29 8 
March 1916 April 1919 38 4 55.41 1 

December 1924 May 1926 18 13 33.38 4 
March 1927 December 1928 22 10 22.06 11 
April 1930 April 1931 13 15 7.38 17 

November 1932 November 1935 37 5 38.70 3 
May 1937 October 1940 42 2 31.55 5 

October 1950 September 1953 36 6 29.97 6 
February 1954 August 1957 43 1 54.36 2 

July 1962 January 1965 31 7 29.93 7 
May 1966 May 1968 25 8 20.72 12 

Brenham 

June 1970 April 1972 23 9 22.61 10 
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Table 8-4. Continued. 

Station Begin End Duration 
(months) 

Duration 
rank Severity Severity 

rank 
June 1970 April 1972 23 9 22.61 10 
June 1990 May 1991 12 17 8.28 16 

January 1996 December 1996 12 18 7.12 18 
Brenham 

October 1999 October 2000 13 16 16.13 13 
December 1864 December 1895 13 15 11.06 16 

May 1896 May 1898 25 7 20.73 8 
October 1898 March 1900 18 11 17.02 11 

April 1904 October 1902 19 9 22.98 7 
May 1905 April 1907 12 18 6.17 18 

February 1909 November 1912 46 1 41.04 2 
October 1915 November 1911 38 4 32.49 5 

December 1924 February 1926 15 13 19.41 9 
December 1932 November 1934 24 8 14.68 14 

July 1937 February 1941 44 2 38.37 4 
July 1943 July 1944 13 16 14.69 13 

September 1947 March 1949 19 10 18.21 10 
April 1954 August 1957 41 3 50.42 1 

October 1961 August 1964 35 5 30.82 6 
November 1970 December 1971 14 14 10.01 17 

May 1984 May 1985 13 17 13.70 15 
June 1988 August 1990 27 6 40.65 3 

Luling 

October 1995 January 1997 16 12 16.65 12 
May 1898 June 1890 50 1 63.85 1 

April 1891 November 1892 20 10 19.77 7 
June 1896 July 1898 26 7 15.96 9 
June 1906 May 1902 12 15 5.88 16 

August 1905 November 1908 40 4 57.00 2 
September 1910 February 1912 18 12 9.33 14 

January 1917 October 1918 22 9 12.42 13 
May 1927 September 1928 17 13 15.21 11 

December 1928 October 1930 23 8 17.68 8 
September 1937 March 1939 19 11 15.53 10 

April 1940 June 1942 27 6 27.38 6 
July 1943 April 1947 46 2 53.54 4 

December 1951 September 1955 46 3 30.85 5 
May 1961 April 1962 12 16 9.19 15 
June 1972 July 1973 13 14 14.47 12 

Beeville 

September 1977 April 1980 32 5 54.51 3 
September 1890 August 1891 12 17 9.66 15 

January 1892 January 1892 13 15 7.73 17 
October 1893 April 1895 19 11 17.84 11 

July 1895 September 1899 51 2 36.96 5 
April 1901 February 1903 23 8 18.42 10 
June 1906 May 1912 72 1 75.36 1 

November 1915 October 1918 36 6 58.49 2 

Corpus  
Christi 

July 1920 June 1921 12 18 6.56 18 
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Table 8-4. Continued. 

Station Begin End Duration 
(months) 

Duration 
rank Severity Severity 

rank 
August 1924 April 1926 21 10 34.50 6 

September 1926 August 1928 24 7 19.51 8 
July 1932 December 1933 18 13 10.75 14 

April 1950 October 1951 19 12 18.64 9 
September 1952 September 1953 13 16 9.44 16 

August 1954 August 1957 37 5 44.98 3 
October 1961 July 1965 46 3 42.94 4 

September 1974 June 1976 22 9 14.18 13 
February 1988 May 1991 40 4 32.64 7 

Corpus 
Christi 

June 2000 July 2001 14 14 14.81 12 
May 1927 September 1930 41 1 38.43 2 

November 1938 May 1940 19 6 21.28 5 
April 1943 April 1944 13 10 7.33 10 
May 1945 August 1946 16 9 9.13 9 
May 1951 September 1953 29 4 30.11 4 

April 1955 October 1957 31 3 33.75 3 
November 1961 August 1964 34 2 40.93 1 
September 1968 February 1970 18 7 13.65 7 
December 1970 April 1972 17 8 10.17 8 

Encinal 

November 1973 June 1975 20 5 15.18 6 
March 1952 September 1953 19 4 16.52 4 
April 1955 December 1957 33 1 26.32 1 

September 1959 November 1960 15 6 14.03 5 
December 1961 March 1964 28 2 21.98 2 
September 1977 August 1979 24 3 19.94 3 

Rio  
Grande  

City 

October 1979 April 1981 19 5 11.25 6 
SPI = Standardized Precipitation Index 

occurred between February 1954 and August 1957 and lasted 43 months (Table 8-4; Figure 8-3). 
This is also the second most severe event for this station. The most severe event occurred 
between March 1916 and April of 1919 and lasted 38 months. 

The Luling station (Caldwell County) (Figures 8-1 and 8-3) shows 18 events identified that have 
a median duration of 19 months (Table 8-4). The longest event lasted 46 months, between 
February 1909 and November 1912. This is also the second most severe event. The most severe 
event was between April 1954 and August 1957 and ranks as the third longest event. 

The Beeville station (Bee County) (Figures 8-1 and 8-3) has 16 identified events (Table 8-4), 
with a median length of 23 months. The longest duration and most severe event occurred 
between May 1898 and June 1890, lasting 50 months. 

The Corpus Christi station (Nueces County) (Figures 8-1 and 8-3) shows 18 events with a 
median duration of 22 months (Table 8-4). The longest duration and most severe event at this 
station occurred between June 1906 and May 1912 and lasted 72 months. The next longest event 
lasted 51 months, from July 1895 to September 1899. The second most severe event occurred 
between November 1915 and October 1918, lasting for 36 months. 
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Figure 8-3. Standardized Precipitation Index graphs. 
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Figure 8-3. Continued. 

Southern Climatic Division 

The longest drought event at the Encinal station (La Salle County) (Figures 8-1 and 8-3) 
occurred between May 1927 and September 1930, lasting 41 months (Table 8-4). This event is 
also the second most severe event based on the 12-month SPI data. The most severe event of 34 
months occured between November 1961 and August 1964. 

The Rio Grande City station’s (Starr County) (Figures 8-1 and 8-3) longest and most severe dry 
period occured from September 1955 to December 1957 (Table 8-4). The second longest and 
second most severe event occurred soon after, between December 1961 and November 1960. 

Summary 
There are many ways to analyze dry periods or drought events along the Gulf Coast region. In 
this discussion, the long-term PDSI and the 12-month SPI were used to indicate possible dry 
periods and dry events. Methods were applied to each index to show dry periods and drought 
events.  

Based on the PDSI, the most severe event occurred from February 1950 to February 1957 in the 
southern climatic division. This event lasted 85 months and severe to extreme drought conditions 
dominated the area during this period (Table 8-2). This is also reflected in the SPI-12 values for 
the Encinal and Rio Grande City stations, where two events are identified between May 1951 
and December 1957 (Table 8-4). 

Based on the SPI values, the longest duration and most severe event occurred at Corpus 
Christi—this event lasted for 72 months between June 1906 and May 1912. The PDSI for the 
south central climatic division shows a related event for January 1909 to November 1911 (Table 
8-2) that is dominated by moderate to severe drought conditions. 
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Dry periods and drought events are common throughout the Gulf Coast region. They can occur 
every 5 to 6 years and have typical durations of 18 to 24 months. 
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Chapter 9 

The Impact of Groundwater Flows on Estuaries 
John A. Breier1 

Introduction 
Direct groundwater discharge to the coastal ocean occurs as submarine seeps and occasionally 
springs. These discharges occur most frequently along or near the shoreline but are also known 
to occur quite far offshore on the continental shelf (Moore, 1999; Karpen and others, 2004). 
These discharges (Figure 9-1) are largely unseen and difficult to quantify because their specific 
discharge rates are typically low (for example, 1–27 cm per day) (Burnett and others, 2003). 
Consequently this submarine component of the hydrologic cycle has received historically little 
attention. However, recent concerns about coastal water quality have prompted increased interest 
in characterizing and quantifying this submarine groundwater discharge (SGD) and its 
biogeochemical implications (Moore, 1999). Numerous studies based on direct and indirect 
measurements have now provided evidence that the exchange of water between coastal 
sediments and surface waters can be a substantial fraction of surface freshwater inflow (for 
example, Sewell, 1982; Cable and others, 1996; Moore, 1997; Charette and others, 2001). 
Because the seepage areas involved are large, the total discharge can be high even where the 
specific discharge rates are low (Burnett and others, 2003). The chemical implications are even 
more significant because groundwater is typically enriched relative to surface water in many 
dissolved constituents such as nutrients and metals. Though our understanding of these processes 
is still incomplete, there is already evidence that these chemical and water fluxes may have 
important ecological consequences. The following is a review of our current state of 
understanding of the scope and processes involved in SGD; the methods used to investigate 
SGD, their current limitations, and some of the ways researchers are trying to overcome them; 
and the chemical and ecological consequences of SGD on estuaries. 

Submarine Groundwater Discharge 
SGD refers to the mixture of terrestrial advecting groundwater and saline recirculated seawater 
that discharges directly to the coastal ocean (Moore, 1999). Estimates of the terrestrial advecting 
fraction of SGD are between six and ten percent of surface water inputs; however, total SGD 
discharge can be much greater due to the recirculated seawater component (Burnett and others, 
2003). While municipal water managers have historically been interested in the discharge of  
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Figure 9-1.  Though in many ways difficult to observe, submarine groundwater discharge can be imaged by 
a) infrared photography (image provided by Ann Mulligan and Matt Charette) and b) 
‘schlieren’ photographic techniques sensitive to the density differences between saline and fresh 
or brackish groundwater (reprinted from Karpen and others, 2004, copyright 2003, with 
permission from Elsevier). In this a) thermal infrared aerial photograph of a tidal pond near 
Waquoit Bay, MA, the cooler (lighter) groundwater discharge can be seen mixing with the 
warmer (darker) bay water (Mulligan and Charette 2005). In b) a specially designed underwater 
‘schlieren’ photographic system images submarine seepage several kilometers offshore in the 
Baltic Sea (Karpen and others, 2004). 

terrestrial groundwater to the ocean, the total SGD must be quantified when considering the 
biogeochemical effects on estuaries. 

A variety of driving forces are involved in controlling the discharge of this terrestrial and 
seawater mixture (see Burnett and others, 2003 for a detailed review). The terrestrial hydraulic 
gradient and the permeability and thickness of aquifer materials and bay bottom sediments 
control the discharge and spatial heterogeneity of both terrestrial and entrained recirculated 
seawater. Tidal and wind driven changes in sea level influence the hydraulic gradient as well as 
induce wave and tidal pumping of bay bottom and shoreline sediments (Burnett and others, 
2003). Density differences between fresh groundwater and more saline or even hypersaline 
surface waters in salt marshes and tidal flats can result in buoyant forces and density driven 
convection (Simmons and others, 1991). A consequence of this complex mixture of fluids and 
driving forces is that SGD varies temporally and spatially even at relatively small scales, making 
it difficult to locate areas of significant submarine discharge difficult and relate the results of 
large and small scale SGD investigations (Breier and others, in review). 

Quantifying Submarine Groundwater Discharge 
There are three basic approaches to quantifying SGD including hydrogeologic modeling, direct 
seepage measurements, and chemical tracer mixing models (Burnett and Dulaiova, 2003; 
Oberdorfer, 2003). However, these methods do not all measure the same components of SGD 
and are not necessarily directly comparable. Hydrogeologic modeling has typically been used to 
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estimate the advecting terrestrial component of SGD. More recently, variable density 
groundwater transport algorithms have been used to include the recirculated seawater component 
(Oberdorfer, 2003). Seepage meters are used in relatively small areas and are especially useful in 
areas where SGD is already known to occur. Seepage meter measurements reflect total SGD; if 
discharge salinity is also measured, then the advecting groundwater and recirculated seawater 
components can be also be estimated. Chemical tracers are the most common approach because 
they can be used to estimate SGD to large areas such as entire bays or regions. Chemical tracer 
estimates generally reflect some combination of advecting groundwater and recirculated 
seawater discharge, depending on the specific tracer. 

Estimates of total SGD are theoretically possible if the nearshore hydraulic gradient and 
sediment permeability are well known. In practice, obtaining the necessary data in other than the 
first few meters of sediment requires extensive drilling, geophysical surveying, or extrapolation 
of sparse data. Langevin (2001) used the U.S. Geological Survey’s SEAWAT variable density 
groundwater transport code to model total SGD to Biscayne Bay, Florida, with mixed results. 
Both regional three-dimensional and local-scale two-dimensional vertical models were 
developed assuming steady-state conditions and homogeneous aquifer characteristics. While the 
variable density transport code was capable of estimating both the advecting groundwater and  
recirculated seawater components of SGD, it was not able to accurately simulate the groundwater 
salinities beneath Biscayne Bay as observed in monitoring wells. Additionally, surface aquifer 
recharge rate and the terrestrial boundary groundwater flux must be estimated and the aquifer 
hydraulic parameters adjusted to calibrate the modeled water-table elevations to monitoring well 
levels (Langevin, 2001). Similar boundary conditions and calibrations are necessary in most if 
not all hydrogeologic models and introduce considerable uncertainty in their results. 

SGD can be directly measured at the sediment/water interface using a seepage meter (for 
example, Cable and others, 1997; Michael and others, 2003) which collects seepage through a 
small area of the sediment surface. In addition to being labor intensive, seepage meters have an 
inherent bias which underestimates discharge due to the increased hydraulic friction associated 
with the meter (Cable and others, 1997). Further, because SGD is frequently heterogeneous, 
seepage meter results exhibit large variability (Michael and others, 2003) and only limited 
extrapolation of results to larger areas is possible. 

Chemical tracers such as radium, radon, and methane provide an integrated spatial signal 
allowing quantification of SGD throughout entire bay systems (for example, Rama and Moore, 
1996; Krest and others, 1999; Charette and others, 2003; Breier and others, 2004). The ideal 
chemical tracer of SGD is a dissolved constituent which (1) exhibits a substantial enrichment in 
groundwater relative to other potential end-member waters (for example, seawater, river water, 
rain, and runoff) and (2) behaves conservatively within the coastal zone (Charette and others, 
2001). Radon is perhaps closest to the ideal; it is highly enriched in groundwater, as a noble gas 
exhibits very conservative behavior, and is relatively straightforward to measure (Cable and 
others, 1996; Burnet and Dulaiova, 2003). Radium isotopes are also powerful tracers of SGD 
because they behave conservatively in brackish and marine waters and are enriched in 
groundwater (Krest and others, 1999). They also provide a means of estimating bay residence 
time and tidal transport which is essential to properly modeling tracer mixing within a study area 
(Charette and others, 2001). Methane is a product of anaerobic decay and is found in high 
concentrations in anoxic groundwaters with sufficient organic matter for methanogenesis but is 
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subject to microbial uptake and production and is not strictly conservative (Bugna and others, 
1996). Regardless of the trace, SGD is estimated from a mixing model for the chemical species 
in question (for example, Breier and Edmonds, in review). 

While the techniques just mentioned can provide valuable data, they can also involve substantial 
uncertainty. In particular, determining the spatial distribution of SGD in a study area can be very 
challenging. While natural chemical tracers are useful at estimating total discharge to an area, 
they cannot be used to pinpoint the source of discharge because water column mixing weakens 
and spatially integrates the signal. Conversely, while direct measurements with seepage meters 
can be used to measure discharge at a point, they do not capture spatial variation in the system 
and can miss significant localized discharges altogether. In fact, only in a few well studied areas 
is the spatial distribution of SGD understood at a scale approaching that at which organisms 
experience its effects. This has hampered attempts at studying the ecological consequences of 
SGD. Recently, the use of simultaneous geochemical and geophysical surveying (Figure 9-2) and 
thermal infrared aerial photography have demonstrated that there are ways to acquire more 
detailed spatial data on SGD (Bratton and others, 2004; Breier and others, in review; Mulligan 
and Charette, 2005). Data from techniques will help plan future field studies which more directly 
test the biogeochemical and ecological hypotheses concerning SGD. 

Chemical and Ecological Consequences of Submarine 
Groundwater Discharge 
Johannes (1980) was one of the first to seriously discuss groundwater as a potential pathway for 
nutrients to coastal estuaries. Because groundwater is often enriched in natural and 
anthropogenic nutrients, SGD may be ecologically important even where discharge rates are 
small compared to surface water inputs. If SGD does represent an important control on estuarine 
salinity and chemical cycling, particularly nutrients, then it is reasonable to suspect that SGD 
dynamics and distribution may also affect ecosystem processes (Johannes, 1980). Two widely 
expressed concerns are that (1) fluctuations in SGD rates are related to the initiation of nuisance 
algal blooms (Sewell, 1982; Laroche and others, 1997) and (2) anthropogenic increases in 
groundwater nutrient concentrations are partially responsible for the increasing eutrophication of 
coastal waters (for example, Johannes, 1980; Laroche and others, 1997). 

Perhaps the most widely discussed hypothesis related to SGD is that changes in the associated 
nutrient flux may initiate algal blooms. Evidence supporting this comes from a study by Laroche 
and others (1997) of 11 years of well levels, coastal salinities, nutrient concentrations, and cell 
counts of the brown tide species Aureococcus anophagefferens in Peconic Bay, Long Island. 
Laroche and others (1997) showed that bloom intensity was inversely proportional to well levels 
and directly proportional to bay salinities. However, bay salinity does not itself appear to be the 
direct initiator of A. anophagefferens blooms. The salinity of Peconic Bay during the study years 
was within the optimal growth range of A. anophagefferens growth 98 percent of the time. 
Instead, high bay salinity is a result of low SGD, and when SGD is low, the ratio of organic to 
inorganic nitrogen in the bay increases. A. anophagefferens is believed to have a competitive 
advantage in utilizing organic nitrogen compared to other algal species and increased inorganic 
nitrogen has been shown to inhibit A. anophagefferens growth. Local groundwater in the Peconic  
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Figure 9-2.  A synoptic geophysical and geochemical survey was used to investigate SGD to upper Nueces 
Bay, Texas (Breier, in review). The survey incorporated continuous resistivity profiling; 
measurements of surface water salinity, temperature, and dissolved oxygen; and point 
measurements of dissolved radium isotopes. The survey revealed areas of interleaving, vertical 
fingers of high and low conductivity extending up through 7 m of bay bottom sediments into the 
surface water, located within 100 m of surface salinity and dissolved radium maxima along with 
peaks in water temperature and lows in dissolved oxygen. These results indicate either brackish 
submarine groundwater discharge or the leakage of oil field brine from submerged petroleum 
pipelines. Survey with radium samples marked by white circles; highest activity radium samples 
are marked by concentric circles. Areas of high surface salinity are light to dark grey.  

Bay is high in inorganic nitrogen, so in wet years when the water table and SGD are high more 
inorganic nitrogen is delivered to the bay. In dry years when SGD is low recycled organic 
nitrogen from bay bottom sediments becomes more important. In addition, the seasonal timing of 
bloom initiation and peak corresponds with the seasonal decline in water table height due to 
higher summertime evapotranspiration and decreased groundwater recharge. This study of 
Peconic Bay required a lengthy environmental time series and has yet to be completed in other 
areas, but it provides a valuable example of how declines in groundwater discharge can impact 
bay ecology. 
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Increases in SGD and/or the associated nitrogen flux can also impact bay and coastal ecology. 
Increases in SGD-delivered inorganic nitrogen can stimulate aquatic plant growth. Maier and 
Pregnall (1990) showed that the growth of the eelgrass Zostera Marina and the macroalgae 
Sargassum filipendula and Enteromorpha intestinalis are all stimulated by nitrate enrichment. 
Typically eelgrass utilizes ammonium for growth; however, in sandy beaches around Woods 
Hole, Massachusetts, eelgrass growing in areas of SGD were shown to have elevated nitrate 
reductase enzyme activity, indicating that they were utilizing SGD-derived nitrate for growth. 
The macroalgal species growing in the same area exhibited even higher nitrate reductase activity, 
indicating that they are more successful at utilizing nitrate for growth. Maier and Pregnall (1990) 
suggest that at certain levels groundwater nitrate flux may influence and stimulate the growth of 
marine plants like the eelgrass Z. Marina, but when the groundwater nitrate flux is higher the 
growth of macroalgae takes over and can ultimately smother the bottom plants. A similar process 
has been observed in Jamaican and Floridian coral reefs where an increase in dissolved inorganic 
nitrogen in near bottom waters has stimulated the growth of epilithic macroalgae at the expense 
of the corals on which they grow (Lapointe, 1997). This process has been going on for some time 
and in the case of the Jamaican coral reefs the macroalgae now dominates. The elevated nitrate 
and low salinity in near bottom waters of these reefs indicates that the nitrate is being delivered 
by groundwater. In addition, analysis of macroalgae tissue shows elevated d15N which suggests 
that the nitrate is ultimately coming from groundwater contaminated by wastewater (Lapointe, 
1997). 

SGD may also influence estuarine ecology in ways other than modifying nutrient supply. First, 
the spatial distribution of SGD within an embayment may create environmental refugia for some 
organisms (for example, Nielsen and Lisle, 1994). Freshwater fish such as steelhead trout use 
pools influenced by groundwater discharge as thermal refuge (Nielsen and Lisle, 1994). Aquatic 
biota may also use such areas to escape chronic hypoxia particularly in times of drought or low 
river discharge (Magoulick and Kobza, 2003). Second, since the dissolved O2 concentration of 
groundwater varies, suboxic or anoxic SGD may be a mechanism for the remobilization of redox 
sensitive transition metals in bay sediments (Liu and others, 2001). 

Conclusions 
Evidence of significant submarine groundwater fluxes has been growing in recent years. SGD 
investigations to date have largely focused on locating and quantifying the amounts of SGD to 
different areas. Limited but provocative evidence of the ecological effects of these discharges on 
harmful algal bloom initiation and eutrophication have already been found. Other ecological 
impacts are suspected but remain to be tested. Methods and techniques are just now reaching the 
point that we can identify and investigate these fluxes on the very small scales at which 
organisms experience them. 
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Chapter 10 

Groundwater Models  
of the Gulf Coast Aquifer of Texas 
Ali H. Chowdhury, Ph.D., P.G.1, and Robert E. Mace, Ph.D., P.G.1 

Introduction 

Models of groundwater flow are useful for better understanding aquifers and, ultimately, for 
better managing groundwater resources. Groundwater models allow hydrogeologists and 
engineers to bring available information and estimates on aquifers together to see how this 
information interacts with itself. Once a model is developed, it can be used to predict how water 
levels in the aquifer might respond to pumping and drought. For the Gulf Coast area, land 
subsidence, where the sediments compress in response to pumping groundwater, is another 
concern that groundwater models can be used to predict. 

Groundwater modeling in Texas has had a long history (Mace, 2001) that starts with an electric 
analog model developed for the Gulf Coast aquifer in the Houston area in 1965 and continues 
today as our understanding of the aquifer and the development of modeling tools improve. The 
Texas Legislature approved funding for the Groundwater Availability Modeling (GAM) program 
at the Texas Water Development Board (TWDB) in recognition of the importance of obtaining 
accurate estimations of groundwater availability. The goal of the GAM program is to provide 
useful and timely information on groundwater availability to the citizens of Texas. In order to 
achieve this, the TWDB developed or acquired models of all the major aquifers in Texas, 
including the Gulf Coast aquifer. The TWDB continues work to develop groundwater models for 
the minor aquifers of Texas. 

Groundwater models are useful tools for entities charged with managing groundwater resources. 
Groundwater in the Gulf Coast aquifer of Texas is managed by several groundwater conservation 
districts and two subsidence districts (Figure 10-1). Outside the districts, groundwater is 
managed by the rule of capture (Mace and others, 2004). With the passage of House Bill 1763 in 
2005, groundwater conservation districts in each groundwater management area are required to 
meet to determine the desired future conditions for each of their aquifers. The TWDB is then 
charged with providing estimates of managed available groundwater to groundwater 
conservation districts and regional water planning groups for use in their plans. It is likely that  
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Figure 10-1. Map showing the extent of the Texas Gulf Coast aquifer, confirmed groundwater conservation 
districts, and groundwater management areas for the Texas Gulf Coast aquifer. 

groundwater models will play an important role in the assessment of desired future conditions 
and managed available groundwater.  

Under the GAM program, the TWDB developed or obtained groundwater availability models for 
the northern (Kasmarek and Robinson, 2004), central (Waterstone, 2003; Chowdhury and others, 
2004), and southern parts (Chowdhury and Mace, 2003) of the Gulf Coast aquifer (Figure 10-2). 
The model for the northern part of the Gulf Coast aquifer was completed by the U.S. Geological 
Survey (Kasmarek and Robinson, 2004); the central part of the Gulf Coast aquifer was initially 
undertaken by Waterstone (2003) and later recalibrated by TWDB (Chowdhury and others, 
2004); and the southern part of the Gulf Coast aquifer was completed by TWDB (Chowdhury 
and Mace, 2003). In this paper, we discuss results of these modeling efforts for the Texas Gulf 
Coast aquifer. We also summarize previous modeling studies of the Texas Gulf Coast aquifer. 
Prior to discussing the modeling results, we provide a brief description of geology, recharge, 
discharge, the conceptual model, and approaches followed in completing the GAM models.  
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Figure 10-2. Map showing groundwater model areas for the northern, central, and southern parts of the Gulf 
Coast aquifer. Types of model boundaries for each model area are also indicated. 

Following this, we discuss model calibration results for steady-state and transient conditions and 
present the amount of groundwater flowing through the aquifer in respective model areas. 

Past and Present Models of the Gulf Coast of Texas 

Several state and federal agencies have conducted studies on the geology and hydrogeology of 
the Texas Gulf Coast aquifer (for example, Wood and Gabrysch, 1965; Jorgensen, 1975; Baker 
and Wall, 1976; Baker, 1979; Meyer and Carr, 1979; Carr and others, 1985; Groschen, 1985; 
Baker, 1986; Ryder, 1988; Dutton and Richter, 1990; McCoy, 1990; Hay, 1999; Harden and 
Associates, 2002; Kasmarek and Strom, 2002). Most of these studies involved characterizing the 
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hydrogeology of the aquifers in support of groundwater model development with emphasis on 
major pumping centers in the Houston area. 

Modeling efforts in the Gulf Coast aquifer of Texas have evolved from the construction of 
simplistic electric-analog model covering a small area to more complex numerical models 
covering large areas and multiple aquifers (for example, Wood and Gabrysch, 1965; Jorgensen, 
1975; Meyer and Carr, 1979). With the advancement of computer technology, more complex, 
regional, groundwater flow models were constructed for the Gulf Coast aquifer (Carr and others, 
1985; Groschen, 1985; Ryder, 1988; Hay, 1999; Harden and Associates, 2002). We present a 
brief description of these models below. 

Wood and Gabrysch (1965) developed an electric-analog model containing the Evangeline 
aquifer and part of the Chicot aquifer (Alta Loma Sand) to simulate transmissivities and 
storativities over an area covering about 5,000 square miles in the northern part of the Gulf Coast 
aquifer. The model used five stress periods to simulate drawdown from 1890 to 1960 in response 
to groundwater pumping. The model was limited by its inability to simultaneously stress the 
aquifers and its inability to reproduce effects of groundwater pumping (Kasmarek and Robinson, 
2004). 

Jorgensen (1975) used an updated electric analog model and allowed vertical communication 
between the Chicot and Evangeline aquifers and expulsion of water into the aquifer from clay 
compaction. However, the model was unable to reproduce land-surface subsidence. 

Meyer and Carr (1979) used a finite-difference method to simulate groundwater flow in the 
Chicot and the Evangeline aquifers with model boundaries extended out from major pumping 
centers. Their model consisted of five layers: layer 1 consisted of total thickness of sand beds in 
the Evangeline aquifer; layer 2 consisted of clay thickness from the centerline of the Chicot and 
the centerline of the Evangeline aquifers; layer 3 consisted of the Alta Loma Sand or the total 
sand thickness of the Chicot aquifer; layer 4 included clay thickness from between the land 
surface and the centerline of the Chicot aquifer; and layer 5 represented the top layer as an upper 
boundary to allow infiltration of recharge and irrigation return flow. 

Carr and others (1985) constructed and calibrated a numerical groundwater flow model of the 
Chicot and Evangeline aquifers extending from the Texas-Louisiana border to the northern half 
of Jim Hogg, Brooks, and Kenedy counties. This model had four layers that incorporated 
hydraulic properties of distinct horizons of clay and sand beds of the Chicot and the Evangeline 
aquifers. Vertical leakage through clays into the Chicot aquifer was found to be significant in the 
upper part of the Gulf Coast aquifer, but it decreased considerably in the southern portions of the 
Lower Rio Grande Valley. Model calibration was most sensitive to transmissivity and 
unconfined storage. 

Groschen (1985) constructed a groundwater flow and solute transport model to assess saline 
water movement in the Evangeline aquifer using projected pumping through 2020. The model 
covered an area of 4,680 square miles from San Patricio County in the north to northern parts of 
Jim Hogg, Brooks, and Kenedy counties to the south. The model included the Chicot, 
Evangeline, and Jasper aquifers and the Burkeville confining system; had 38 square grids with 
each cell 2 miles long; and used constant heads in the outcrop to simulate recharge. The model 
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suggested that the saline water-fresh water interface would not be affected by increased pumping 
and that most of the salinity in the Evangeline aquifer was due to leakage from the overlying 
Chicot aquifer. 

Ryder (1988) developed a three-dimensional variable-density model covering the entire Texas 
Gulf Coast and parts of Louisiana and Mexico. All fourteen geologic units contained within the 
Gulf Coast and the Carrizo-Wilcox aquifers above the geo-pressure zone (fluid pressure in 
excess of hydrostatic pressure) were included in the model to simulate flow under 
predevelopment conditions. Recharge was simulated using constant heads at the outcrop 
representing water levels in the top 100 feet of the aquifer. The model did a better job of 
matching the water levels in the outcrop than in the deeper parts of the aquifers. 

Hay (1999) developed a three-dimensional steady-state model for Region N as part of regional 
water planning in Texas. This model included the Chicot, Evangeline, and Jasper aquifers and 
the Burkeville Confining System. Constant heads were assigned in the outcrop to simulate 
recharge into the aquifers. 

Harden and Associates (2002) developed a model covering an area of about 90 miles by 60 miles 
to evaluate water availability and drawdown in the Rio Grande alluvium near Brownsville. 
Rather than using actual structure surfaces for the model layers, the model used average 
thickness of the Rio Grande alluvium and included four layers based on levels of groundwater 
production (a surface zone, a primary zone, a separation zone, and a secondary zone). 

Kasmarek and Strom (2002) developed a model for simulating groundwater flow and land- 
surface subsidence with a focus on Harris and Galveston counties. The model consisted of three 
layers: layer 1 represents the water table using a specified head, layer 2 represents the Chicot 
aquifer, and layer 3 represents the Evangeline aquifer. Groundwater flow simulations were 
conducted for 1891 through 1996, and 1977 and 1996 water levels were chosen for calibration. 
Simulation results indicated that about 19 percent of the water in the Chicot aquifer and about 10 
percent of the water in the Evangeline aquifer are drawn from clay storage. 

As part of the GAM program, TWDB staff and TWDB contractors developed three new regional 
models of the Gulf Coast of Texas: (1) Kasmarek and Robinson (2004) developed a model of the 
northern part of the Gulf Coast aquifer in cooperation with TWDB and the Harris-Galveston 
Subsidence District; (2) Waterstone (2003) and Chowdhury and others (2004) developed a model 
of the central part of the Gulf Coast aquifer, and (3) Chowdhury and Mace (2003) developed a 
model of the southern part of the Gulf Coast aquifer. Other modeling work continues in the area, 
including a model of the central part of the Gulf Coast aquifer by Texas A&M—Kingsville 
(Venki Uddanmeri, personal communication, 2005) and a model of the Gulf Coast aquifer in the 
vicinity of the Colorado River by the Lower Colorado River Authority (Steve Young, personal 
communication, 2005). The focus of this chapter is on the work done for the GAM program. 

Hydrogeologic Setting 

We adopted Baker's (1979) hydrostratigraphy for the development of the GAMs for the Gulf 
Coast aquifer because it included: (1) detailed faunal occurrences, lithologies, and electric log 
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signatures along with several cross-sections; (2) hydraulic characteristics of the sediments; and 
(3) water-level information. From oldest to youngest, the Tertiary rocks have been classified into 
the Frio Formation, the Anahuac Formation, and the Catahoula Tuff or Sandstone (Early 
Miocene); the Oakville Sandstone and the Fleming Formation (Mid- to Late-Miocene); the 
Goliad Sand (Pliocene); the Willis Sand, Bentley Formation, Montgomery Formation, Beaumont 
Clay (Pleistocene); and alluvium (Holocene) (Baker, 1979). 

Excessive groundwater pumping has caused water-level declines in various parts of the Gulf 
Coast aquifer (Chowdhury and others, 2004; Kasmarek and Robinson, 2004). Major cones of 
depression occur in Harris-Galveston, Wharton-Jackson-Matagorda, and Kleberg counties, 
where water levels have historically declined by up to 350, 50, and 200 feet, respectively 
(Chowdhury and others, 2004; Kasmarek and Robinson, 2004). Excessive pumping of the 
aquifer caused subsequent land-surface subsidence due to compaction and expulsion of water 
from the clays contained in the aquifer materials and shale beds (Gabrysch, 1984). For example, 
in the Houston area, the land surface has subsided up to ten feet locally (Kasmarek and 
Robinson, 2004). 

Groundwater in the Texas Gulf Coast aquifer generally flows from the outcrop areas in the west 
towards the Gulf of Mexico in the east. Most of the water-level contours parallel the coastline 
except near major pumping centers where natural flow system is altered and water is diverted 
toward major cones of depression (Chowdhury and others, this volume). Water levels in wells 
vary widely depending on their locations with respect to the groundwater flow system. In the 
unconfined parts of the outcrop, most of the wells respond quickly to precipitation events. In the 
confined parts of the aquifer away from the outcrop, groundwater movement is slow and water 
levels in wells do not respond to precipitation, due to the long travel time through the subsurface. 
Groundwater pumping perhaps is probably the most important control in shaping water-level 
changes in wells. For example, many wells in the confined parts of the aquifer that record 
historical decline in water levels display significant recovery over time due to reduction in 
pumping. 

Recharge 

Recharge mainly occurs from rainfall that falls on the outcrop areas. Only a small portion of the 
rainfall reaches the water table. Water also drains into the aquifer from some reaches of the 
numerous streams that cross the Gulf Coast. In other reaches of the streams, groundwater 
discharges into streams as baseflow. In addition, major pumping centers that form large cones of 
depression may capture recharged water that was naturally discharging to local streams, thereby 
increasing downdip recharge. Recharge through the unconfined, permeable, sandy portions of the 
Gulf Coast aquifer may be relatively fast, while recharge to the confined portions of the aquifer 
may be considerably slow. Recharge through the Beaumont Clay that outcrops along the coast is 
generally small except in areas where valleys have been cut into the formation. Water not 
evaporated, consumed by plants through transpiration, or drained by streams from surface runoff 
infiltrates into the subsurface and eventually reaches the water table. 

Several investigators have estimated recharge rates for the Gulf Coast aquifer (Groschen, 1985; 
Ryder, 1988; Dutton and Richter, 1990; Ryder and Ardis, 2002; Kasmarek and Robinson, 2004) 
(Table 10-1). Recharge rates derived from most of the model simulations are generally similar 
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(Table 10-1). Some variations observed in recharge estimates are probably due to local variations 
in (1) hydraulic conductivity, (2) rainfall distribution, (3) evapotranspiration, (4) groundwater-
surface water interactions, (5) model grid sizes, and (6) surface geology. More importantly, it is 
notable that recharge rates reported in these studies are for different time periods. Noble and 
others (1996) estimated a higher recharge rate of about six inches per year using a tritium isotope 
method. However, this recharge estimate is an upper limit, includes a shallow flow system that 
locally discharges to streams, and may contribute little or no recharge to the deep regional flow 
system. Pumping from the aquifer and a subsequent lowering of the water table induced 
additional recharge in parts of the Gulf Coast aquifer (Ryder and Ardis, 2002; Kasmarek and 
Robinson, 2004). 

Table 10-1. Recharge rates from previous studies of the Gulf Coast aquifer (after Chowdhury and Mace, 
2003). 

Groschen (1985) 0.06 San Patricio to Jim Hogg 
counties

Constant head

Ryder (1988)       0 to 6 Texas Gulf Coast Specified head, top layer of the model
Dutton and Richter (1990)    0.1 to 0.4 Matagorda and Wharton 

counties
Head-dependent flux boundary, top layer of 

the model
Noble and others (1996) 6 Harris, Montgomery and 

Walker counties
Isotopes

Hay (1999) 0.078 Navidad River to Willacy 
County

Constant head

Harden and Associates 
(2001)

0.1 to 0.2 Brownsville and vicinity Used maximum potential recharge (3 inches) 
and MODFLOW’s River Package

Ryder and Ardis (2002) 0.121-0.252 Texas Gulf Coast Specified head, top layer of the model
Kasmarek and Strom (2004) 0.323-0.434 Northern Gulf Coast GAM Specified head, top layer of the model

Chowdhury and Mace (2004) 0.09 to 0.15 Southern Gulf Coast GAM Calibrated recharge as a percent of 
distributed rainfall

1 = average recharge for the 
predevelopment model, 2 = average 

recharge for 1982

3 = average recharge for 1977, 4 = average 
recharge for 2000

Source Study Area Recharge MethodRecharge Rate (in/yr)

 

Discharge 

Natural discharge in the Gulf Coast aquifer occurs through springs, evapotranspiration, baseflow, 
and upward leakage of groundwater from deeper into shallower aquifers. Under pre-development 
conditions, average discharge across the Gulf Coast aquifer ranges from zero to one inch per year 
(Ryder and Ardis, 2002). Excessive groundwater pumping in the Gulf Coast aquifer has resulted 
in a decrease of the discharge area under pumping conditions compared to non-pumping 
conditions (Dutton and Richter, 1990; Ryder and Ardis, 2002; Kasmarek and Robinson, 2004). 

Most of the groundwater pumping in the Gulf Coast aquifer in Texas occurs in the Chicot and 
Evangeline aquifers. Pumping in the Burkeville confining system and the Jasper aquifer occurs 
only near the outcrop areas where sands dominate, because water quality deteriorates at depth 
and in confined, downdip portions of the aquifer. 

Groundwater pumping records for the Gulf Coast aquifer were collected from TWDB’s water 
use survey database. The primary categories of pumping in the database are (1) municipal, (2) 
manufacturing, (3) power, (4) mining, (5) rural domestic, (6) livestock, and (7) irrigation. 
Pumping for municipal, manufacturing, power and mining uses have location information, while 
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irrigation and livestock pumping are distributed based on land-use maps. Rural domestic 
pumping is distributed in the model area based on population density distribution. 

Over 1.1 million acre-feet of water were pumped from the Texas Gulf Coast aquifer in 1999 
(TWDB, 2002). Estimated groundwater availability in the aquifer under drought conditions was 
about 1.6 million acre-feet in 2000 (TWDB, 2002). A large fraction of the groundwater pumped 
from the aquifer is consumed by irrigation. Thus, pumping is heavily skewed towards the 
summer months when most of the irrigation water is used. Groundwater pumping in the northern 
part of the Gulf Coast aquifer reached a high of about 1.23 million acre-feet per year during the 
period from 1971 to 1975. In subsequent years (1975 to 2000), groundwater pumping declined to 
about 950,000 acre-feet per year (Kasmarek and Robinson, 2004) (Figure 10-3). 

 

Figure 10-3. Groundwater pumping estimates for the model areas of the northern part of the Gulf Coast 
aquifer (1891 to 1999) (from Kasmarek and Robinson, 2004). 

Groundwater pumping in the central part of the Gulf Coast aquifer declined from about 600,000 
acre-feet per year in 1980 to about 420,000 acre-feet per year in 1987. In the subsequent years 
(1988 to 1999), groundwater pumping fluctuated between about 550,000 acre-feet per year in 
1988 to about 420,000 acre-feet per year in 1999 (Figure 10-4) In the southern part of the Gulf 
Coast aquifer, groundwater pumping progressively increased from about 17,000 acre-feet per 
year in 1980 to 32,000 acre-feet per year in 2000 (Chowdhury and Mace, 2003) (Figure 10-5). 

Most of the rivers in the Gulf Coast aquifer are gaining except for the Colorado River, which is 
mainly a losing stream. Other rivers have segments that gain or lose along different reaches. In 
the southern part of the Gulf Coast aquifer, the Rio Grande switches from a gaining stream in 
Starr County to a losing stream in central Hidalgo County and switches back to a gaining stream 
near Brownsville (Chowdhury and others, 2004). 



 
 

181

 

Figure 10-4. Groundwater pumping estimates for the model areas of the central part of the Gulf Coast 
aquifer (1980 to 1999) (from Chowdhury and others, 2004). 

 

Figure 10-5. Groundwater pumping estimates for the model areas of the southern part of the Gulf Coast 
aquifer (1980 to 1999) (from Chowdhury and Mace, 2003). 

Conceptual Model 

A conceptual model is our best understanding of the natural groundwater flow system. It 
describes how recharge, discharge, groundwater-surface water interactions, and cross-
formational flow take place through the aquifers and the confining units of a flow system (Figure 
10-6). When rain falls on the outcrop areas, much of it runs off to the rivers, a portion of it is lost 
through evaporation and transpiration, and less than about one percent reaches the saturated 
groundwater zone of the Gulf Coast aquifer. A portion of the water that reaches the saturated  
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Figure 10-6. A conceptual model of the Gulf Coast aquifer flow system, showing (a) groundwater flow 
components overlain on a cross-section through the middle of Jim Hogg, Brooks, and Kenedy 
counties; and (b) a numerical translation of the conceptual model (from Chowdhury and Mace, 
2003). 

groundwater zone flows laterally over small distances and discharges locally to streams. A small 
portion of the flow reaches the intermediate flow system at depth and a much smaller amount 
joins the deeper regional flow system, traveling considerable distances from the outcrop areas 
towards the Gulf of Mexico. As the flow reaches the saltwater-fresh water boundary near the 
coast, density differences between the fresh water and the salt water cause the regional 
groundwater flow to shift direction and move vertically upward toward coastal areas at lower 
elevations. 
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In general, groundwater flows from areas of higher topography towards lower topography. In 
this case, groundwater flows from the west towards the Gulf of Mexico in the east. However, 
considerable groundwater pumping in parts of the model area has greatly changed groundwater 
flow directions. For example, decades of extensive groundwater pumping in Harris-Galveston, 
Wharton, Victoria, and Kleberg counties has altered the natural flow system (Chowdhury and 
others, this volume). In these areas, a decline in the potentiometric (or water-level) surface and 
an increase in the hydraulic gradient are inducing greater flow into the deeper parts of the aquifer 
than would have otherwise occurred under natural conditions. The increase in the hydraulic 
gradient due to groundwater pumping also allows more interaction between the aquifers and their 
confining units. 

Model Boundaries and Grid Design 

The boundaries for the GAMs of the Gulf Coast aquifer are defined by (1) the limits of the 
outcrop in the west, (2) the Gulf of Mexico in the east or downdip limit of the freshwater 
(location where the total dissolved solids concentration reaches 10,000 milligrams per liter), (3) 
hydrologic divides along major rivers, and (4) groundwater divides away from major pumping 
centers. The model area for the northern part of the Gulf Coast aquifer extends from across the 
Louisiana border at the Sabine River to the Lavaca River in the south. The model area for the 
central part of the Gulf Coast aquifer extends along a groundwater divide through Colorado-Fort 
Bend-Brazoria counties to the north to a groundwater divide through Jim Hogg, Brooks, and 
Kenedy counties in the south. The model area for the southern part of the Gulf Coast aquifer 
extends from a groundwater divide through Jim Hogg, Brooks, and Kenedy counties to the north 
to the Rio Grande along the Texas-Mexico border in the south (Figure 10-2). 

Modelers designed the models such that they can reproduce the groundwater flow system. We 
used MODFLOW-96 (Harbaugh and McDonald, 1996) to model groundwater flow in the Gulf 
Coast aquifer. All the cells have a uniform area of one square mile. TWDB staff chose this cell 
size to be small enough to reflect the density of input data and the desired output detail and large 
enough for the model to be manageable. Model layer 1 represents the Chicot aquifer; model layer 
2 represents the Evangeline aquifer; model layer 3 represents the Burkeville Confining System; 
and model layer 4 represents the Jasper aquifer. 

Model cells were made inactive when they fell outside the model area or when they were thin, 
because they were found to cause convergence problems during calibration. For the model of the 
northern part of the Gulf Coast aquifer, each model layer consisted of 137 rows and 245 columns 
for a total of 134,260 cells and 61,082 active cells. For the model of the central part of the Gulf 
Coast aquifer, each model layer consisted of 177 rows and 269 columns for a total of 190,452 
cells and 56,736 active cells. For the model of the southern part of the Gulf Coast, each model 
layer consisted of 125 rows and 135 columns for a total of 67,500 cells and 27,000 active cells. 

Modeling Approach 

The modeling approach included: (1) calibrating a steady-state model to reproduce pre-
development conditions and (2) calibrating a transient model to reproduce seasonal fluctuations 
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in water levels and flows in streams. Modelers first calibrated the steady-state model to 
determine stable boundary conditions and to simulate static water levels under pre-pumping or 
near equilibrium conditions. This time period ranges from 1890 to the 1940s for the northern part 
of the Gulf Coast aquifer, 1910 to 1940 for the central part of the Gulf Coast aquifer, and 1930 to 
1980 for the southern part of the Gulf Coast aquifer. Modelers calibrated the steady-state models 
separately to reproduce water levels during these time periods. 

The approach for calibrating the model was to reproduce water levels under steady-state 
conditions and reproduce seasonal water-level changes under transient conditions. Modelers 
focused their calibration on the Chicot and the Evangeline aquifers that are more widely used 
and contain numerous wells with water-level measurements. 

Modelers quantified the calibration, or goodness of fit, between the simulated and measured 
water-level values using root mean square error (RMSE): 

RMSE = 
5.0
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where n is the number of calibration points, hm is the measured hydraulic head at any point i, and 
hs is the simulated hydraulic head at the same point i. 

Once the modelers completed calibrating the steady-state model, they used the model as a 
starting point for transient calibration. The TWDB requested the years 1981 to 2000 because this 
period contained the most accurate and recent water-use and water-level information. 

There are considerable similarities in the modeling approaches used for the northern, central, and 
southern parts of the Gulf Coast aquifer. For example: (1) the conceptual model for all three 
models is the same in that groundwater recharges in the outcrop mainly from rainfall and 
discharges in the downdip areas near the coast; (2) the Chicot, Evangeline, and Jasper aquifers 
and Burkeville confining system form four model layers providing a uniform lateral extent and 
thickness to each model layer; (3) model cells have uniform one mile dimensions; and (4) 
models use the U.S. Geological Survey’s MODFLOW-96 code to simulate the groundwater flow 
system. 

The main differences between the models lie in the MODFLOW packages used for simulation:  

•  MODFLOW’s Interbed Storage package was only used in the northern part of the Gulf 
Coast aquifer to simulate land-surface subsidence. There is a lack of documented 
information on land-surface subsidence in the central and southern parts of the aquifer.  

•  Recharge was simulated in the model for the northern part of the Gulf Coast aquifer using 
a General Head Boundary package; recharge was simulated in the central part of the Gulf 
Coast aquifer using MODFLOW’s Recharge package and applying a percent of spatially 
distributed rainfall according to soil characteristics; and recharge was calibrated in the 
southern part of the Gulf Coast aquifer using MODFLOW’s Recharge package and 
applying a percent of the spatially distributed rainfall.  
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•  MODFLOW’s Evapotranspiration package was used in the models for the central and the 
southern parts of the Gulf Coast aquifer but not for the model in the northern part.  

•  MODFLOW’s General Head Boundary package, used in the northern part of the Gulf 
Coast aquifer for recharge simulations, was considered inclusive of the groundwater-
surface water interaction; MODFLOW’s Streamflow Routing package was used in 
simulating groundwater-surface water interaction in the central part of the Gulf Coast 
aquifer; and MODFLOW’s River package was used in simulating groundwater-surface 
water interaction in the southern part of the Gulf Coast aquifer. 

Northern Part of the Gulf Coast Aquifer 

The MODFLOW’s General Head Boundary package was used to simulate recharge and 
discharge in the outcrops of the model area. The General Head Boundary package acts as a head-
dependent flux boundary and flow depends on the head differences and vertical conductance 
between the water table and adjacent deeper zones. Application of the General Head Boundary 
as a constant-head source of water requires that the groundwater flow system does not show any 
long term trends in water-level change, which is probably valid for most of the model area 
except for in areas with excessive groundwater pumping (Kasmarek and Robinson, 2004).  

Water-table altitudes were constructed using topography and subtracting a “trend surface” (a 
dataset of measured depths to water supplemented by interpolated depths to water). Flow 
between the streams and the aquifer system was not explicitly simulated, with the understanding 
that the General Head Boundary would account for the stream discharges to the level of accuracy 
at which such discharges are known (Kasmarek and Robinson, 2004). Initial transmissivity 
distributions were constructed with data from Wesselman (1967), Carr and others (1985), Baker 
(1986), and Kasmarek and Strom (2002). For outcrop areas, the initial vertical hydraulic 
conductivity was computed by dividing a constant vertical hydraulic conductivity by the 
cumulative clay thickness from land surface to the centerline of the outcropping hydrogeologic 
unit. For the subcrop areas, vertical hydraulic conductivity is computed internally by 
MODFLOW by multiplying a leakance by the grid-block area. Initial storativities of the sands 
are from Kasmarek and Strom (2002).  

Land-surface subsidence and compaction of clays were simulated using MODFLOW’s Interbed-
Storage package (Leake and Prudic, 1991). Initial values of elastic and inelastic clay storativity 
(specific storage multiplied by clay thickness) are taken from Kasmarek and Strom (2002), 
Gabrysch (1982), and Strom and others (2003a, 2003b, 2003c). 

Central Part of the Gulf Coast Aquifer 

To calibrate the model for the central part of the Gulf Coast aquifer, Chowdhury and others 
(2004) adjusted several parameters to observe which parameter had the greatest effect on 
simulated water levels. Through this initial sensitivity analysis, it was observed that the 
horizontal hydraulic conductivity of the Evangeline aquifer, recharge rate, and vertical leakance 
of the Chicot aquifer affected the model results. Calibration efforts revealed that the model 
calibration was non-unique, particularly with respect to the use of hydraulic conductivity and 
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leakance values. Application of increased recharge has no significant bearing on the water levels, 
because excess recharge discharges to the streams as baseflow. 

An initial attempt was made to calibrate the model using distributed horizontal hydraulic 
conductivity. However, when Chowdhury and others (2004) assigned pumpage values in the 
model layers, they were unable to reproduce the water levels, particularly in the Evangeline and 
Jasper aquifers. The best-fit simulated water levels that they were able to produce use zoned 
horizontal hydraulic conductivity for the Evangeline aquifer. Chowdhury and others (2004) 
zoned the hydraulic conductivity into three smaller sub-zones and adjusted the values following 
the median of the distributed hydraulic conductivity. The vertical leakance values that they used 
are similar to other Gulf Coast models (Chowdhury and Mace, 2003; Kasmarek and Robinson, 
2004). 

Southern Part of the Gulf Coast Aquifer 

To calibrate the model for the southern part of the Gulf Coast aquifer, Chowdhury and Mace 
(2003) assigned recharge as a percent of distributed mean annual rainfall from 1930 to 1980. 
They used MODFLOW’s Evapotranspiration package to simulate transpiration. They used 
vegetation coverage maps to locate vegetation types and density and observed that mesquite is 
the dominant vegetation in the model area, with the highest density occurring in central Kenedy 
and Jim Hogg counties. Chowdhury and Mace (2003) applied three sets of multipliers (0.001, 
0.0012, and 0.0015) to the distributed rainfall grid to account for varying evapotranspiration rates 
due to differences in the density of mesquite. Using these multipliers, they obtained 
evapotranspiration rates that range from 4.14× 10-6 to 9.11× 10-6 feet per day. 

Chowdhury and Mace (2003) used MODFLOW’s River package to simulate flow between the 
Chicot aquifer and the Rio Grande. Surface elevations for different segments of the river were 
estimated from topographic maps and the U.S. Geological Survey’s digital elevation model. 
River bottom elevation was set at ten feet below the river head elevation. River bed conductance 
was estimated using the formulation (K× L× W)/M where K is the hydraulic conductivity, L is 
the length of the river cell, W is the width of the river cell, and M is the sediment thickness. In 
the final calibration, Chowdhury and Mace (2003) used a river bed conductance of 100,000 feet 
per day, a sediment thickness of 1 foot, an average width of 10 feet, and a length of 5,280 feet. 
They assigned layer 1 as unconfined and layers 2, 3, and 4 as unconfined/confined. They allowed 
the model to calculate transmissivity and storativity based on saturated thickness. To simulate the 
movement of water out of the model and into the Gulf of Mexico, Chowdhury and Mace (2003) 
assigned constant heads across 10 miles of an area offshore, including the area of Matagorda Bay 
in layer 1. In the subsequent layers, they assigned a no-flow boundary in the east to allow 
upward vertical flow of water towards the discharge areas of the coastline. 

To calibrate the model,  Chowdhury and Mace (2003) adjusted the various parameters to observe 
which parameter had the most effect on simulated water levels. Through this initial sensitivity 
analysis, they observed that the recharge rate, evapotranspiration rate, and horizontal hydraulic 
conductivity of layers 1 and 2 had the greatest effect on the model results. 
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Calibration Results  

Each of the modeling teams calibrated each of the GAMs for the Gulf Coast aquifer. We 
summarized below the steady state and transient calibration results of each effort. 

Northern Part of the Gulf Coast Aquifer 

The simulated water levels of the Chicot, Evangeline, and Jasper aquifers for the steady-state 
model show a general agreement with the measured water levels and conform to the conceptual 
model of a flow system where recharge enters in the outcrop and flows relatively short distances 
to discharge into streams or longer distances through deeper zones where it is discharged by 
upward leakage in topographically low areas near the coast (Kasmarek and Robinson, 2004). 
Transmissivities used for the calibration of the northern parts of the Gulf Coast aquifer are of the 
same orders of magnitude as those reported in previous studies (Wesselman, 1967; Jorgensen, 
1975; Carr and others, 1985; Baker, 1986; Kasmarek and Strom, 2002; Ryder and Ardis, 2002). 
However, it was noted that higher transmissivity areas were coincident with larger drawdowns, 
which the authors considered an artifact of the model (Kasmarek and Robinson, 2004).  

The simulated and measured cones of depression were nearly coincident. However, the 
simulations for 1977 and 2000 were unable to reproduce maximum depth of the cones of 
depression. In most cases, the simulated cones were about 100 feet smaller than the measured 
cones. The simulated cones of depression for 2000 match better to measured cones of depression 
than in 1977, which the authors attributed to an underestimation of groundwater pumping in 
1977. Storativities used to simulate water level changes in the Chicot and Evangeline aquifers 
range from 1×10-4 to 0.2 and 4×10-5 to 0.2, respectively, reflecting aquifer conditions from water 
table to semi-confined to confined conditions (Kasmarek and Robinson, 2004).  

The root mean square error for 1977 were 34 feet for the Chicot aquifer, 43 feet for the 
Evangeline aquifer, and 47 feet for the Jasper aquifer which corresponds to 7, 8, and 17 percent 
of the hydraulic head drop across the model area (Figure 10-7). The root mean square error for 
2000 was about 31 feet for the Chicot aquifer, about 40 feet for the Evangeline aquifer, and 
about 34 feet for the Jasper aquifer (Figure 10-8). 

Simulated land-surface subsidence closely matches measured subsidence in the Harris-
Galveston-Fort Bend county area (Kasmarek and Robinson, 2004). Land-surface subsidence 
measuring up to ten feet has been measured in southeastern Harris County. Land surface has 
subsided by at least six feet over a larger area covering central to southeastern Harris County. 
Land surface has subsided by up to three feet in southeastern Jasper County (Kasmarek and 
Robinson, 2004). 
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Figure 10-7. Comparison of simulated to measured water levels for 1977 for the northern part of the Gulf 
Coast aquifer (from Kasmarek and Robinson, 2004).  

 

 
 

Figure 10-8. Comparison of simulated to measured water levels for 2000 for the northern part of the Gulf 
Coast aquifer (from Kasmarek and Robinson, 2004). 
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Central Part of the Gulf Coast Aquifer 

The calibrated model reasonably reproduces the spatial distribution of water levels in the Chicot, 
Evangeline, and Jasper aquifers and the Burkeville confining system for the steady-state 
conditions of 1910 to 1940. The root mean square error is about 21 feet (Figure 10-9). The root 
mean square error that we obtained from calibration is about five percent of the hydraulic head-
drop across the model area and is well within the ten percent error usually sought for model 
calibration. The model accurately replicates the interpreted flow directions towards the Gulf of 
Mexico and the streams. The spatial distribution of water-level residuals (differences between 
simulated and measured water levels) appears unbiased towards any specific location in the 
model area. 

 

Figure 10-9. Comparison of simulated to measured water levels for the steady-state calibration model for the 
southern part of the Gulf Coast aquifer (from Chowdhury and Mace, 2003). 

Chowdhury and others (2004) compared simulated net gain-loss values produced by the model 
through some of the stream reaches with the measured streamflow values. The three stations that 
they examined included the Guadalupe River at Victoria, the San Bernard River near Boling, and 
the San Antonio River near Goliad. Historical stream-flow data from 1910 to 1940 were 
compared with steady-state simulated baseflow from the model. Their simulated values are 
somewhat lower than the baseflow. After they calibrated the steady-state model to water levels in 
the 1940s, they calibrated the model to transient water levels for 1980 to 1990. 

An initial attempt to calibrate the transient model by adjusting specific storage and specific yield 
values within an acceptable range failed. When Chowdhury and others (2004) only adjusted 
storage values, they were unable to reproduce the drawdowns in Wharton, Victoria, and Kleberg 
counties. Therefore, they developed three sub-zones of hydraulic conductivity based on the 
median of the distributed hydraulic conductivity values. They assigned a vertical leakance of 
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1×10-9 feet per day over a small area near Kingsville to represent local beds and lenses of silt and 
fine sand. 

Chowdhury and others (2004) reproduced seasonal water-level changes in the transient model 
using recharge based on climate changes. They used specific storage values of 0.000008, 
0.000001, 0.00001, and 0.000008 for layers 1, 2, 3 and 4, respectively, and specific yield values 
of 0.05, 0.01, 0.005, and 0.05 for layers 1, 2, 3, and 4, respectively. The specific yield values of 
0.01 to 0.005 that they used in the transient calibration may seem low for the unconfined portions 
of the aquifer. Typical specific yields of sedimentary materials in unconfined aquifers range from 
0.14 to 0.38 (Freeze and Cherry, 1979). Chowdhury and others (2004) attempted to calibrate the 
model using higher specific yields, but they were unable to reproduce the required fluctuations to 
match the measured water levels. The lower specific yield that they used is more typical of semi-
confined aquifers. They felt that the lower specific yields are appropriate for the Chicot, 
Evangeline, and the Jasper aquifers as they contain numerous interbedded silt and clay lenses. 

The root mean squared error for calibration is 46 feet for 1989 and 36 feet for 1999 (Figure 10-
10). Improvement in the root mean squared error for the 1999 transient calibration period was 
probably caused by (1) a much lower drawdown observed in 1999 than in 1989, which absorbed 
the effects of underestimated drawdown, and (2) fewer observations wells available with water-
level measurements. The root mean squared error for the 1989 and 1999 calibration periods are 
5.1 percent and 4.8 percent, respectively, of the hydraulic head drop across the model area. 

Simulated distribution of the water-level surfaces for all model layers in 1989 and 1999 
reasonably reproduces the measured values. Spatial distribution of the water-level residuals 
(measured water-levels at calibration well points subtracted from the simulated water-levels) 
appear unbiased across the model area (Chowdhury and others, 2004). In some areas, they were 
more successful in minimizing errors. For example, most of the central portion of the model has 
errors close to zero, while in parts of the southern portion of the model area near Kingsville 
where they have underestimated the drawdown, the errors are as large as 100 feet. When they 
compared the distribution of the residuals and their magnitudes for 1989 and 1999, we observe 
that there is an improvement in the water-level residuals because of a general recovery of the 
water levels in 1999. 

The transient model does a reasonable job in matching the measured monthly and annual water-
level trends throughout most of the model area, with the exception of a shift between simulated 
and measured water levels in some wells. In many wells, however, there is a good match 
between measured and simulated water levels throughout the model area (Figures 10-11 and 10-
12). 

Chowdhury and others (2004) compared simulated net gain-loss values on several stream 
reaches. Their simulated values were somewhat lower than the baseflow that would be expected 
from the streamflow hydrographs. However, the trend in the simulated net gain-loss follows the 
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Figure 10-10. Comparison of simulated water-levels to measured water levels for the central part of the 
Gulf Coast aquifer for (a) 1989 and (b) 1999 (from Chowdhury and others, 2004). 
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     (a)       (b) 

 

Figure 10-11. Comparison of simulated and measured water-level fluctuations in several wells for 1980 
through 1999 for (a) well 7942702, (b) well 8011401, (c) well 8431201, and (d) well 8322801 
for the GAM of the central part of the Gulf Coast aquifer (from Chowdhury and others, 
2004). 
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(a)       (b) 

 

Figure 10-12. Comparison of simulated and measured water-level fluctuations in several wells for 1980 
through 1999 for (a) well 8612204, (b) well 6764506, (c) well 7913202, and (d) well 8027501 
for the GAM of the central part of the Gulf Coast aquifer (from Chowdhury and others, 
2004). 

(c) (d) 
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trend observed in measured streamflow hydrographs. Chowdhury and others (2004) compared 
simulated net gain-loss with the measured gain-loss values through stream reaches in Colorado, 
Lavaca, and Nueces rivers. They observed that the net gain-loss values for Lavaca and Nueces 
rivers are similar to measured values, but that the Colorado River showed much lower values. A 
global increase in stream conductance causes too much of a hydraulic interaction between the 
aquifers and the streams (Waterstone, 2003) and would require unreasonable recharge values to 
calibrate the model. 

Southern Part of the Gulf Coast Aquifer 

The calibrated model reproduces the spatial distribution of water levels in the Chicot, 
Evangeline, and the Jasper aquifers reasonably well for the steady-state conditions of 1930 to 
1980 (Figure 10-13). The root mean squared error is 23 feet. The root mean squared error is 
about 4.4 percent of the hydraulic head-drop (highest measured water level minus the lowest 
measured water level) across the model area well and is within the ten percent error usually 
sought for model calibration. The model accurately replicates the interpreted flow directions 
towards the Gulf of Mexico and Rio Grande. The spatial distribution of water-level residuals 
(differences in the simulated and the measured water levels) appears unbiased towards any 
specific location in the model area (Chowdhury and Mace, 2003). 

Chowdhury and others (2003) assigned uniform recharge rates based on rainfall distribution. 
Calibrated recharge ranges from 0.08 to 0.14 inches per year, which is 0.52 percent of the 

 

Figure 10-13. Comparison of simulated water-levels to measured water levels for 1980 for the southern 
part of the Gulf Coast aquifer (from Chowdhury and Mace, 2003). 
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average annual rainfall for the years 1930 through 1980. A slightly lower recharge rate in the 
southern part of the Gulf Coast aquifer is more realistic, due to higher evaporation and lower 
rainfall than the rest of the Gulf Coast aquifer. 

The maximum evapotranspiration rate was determined by trial and error during calibration. 
Groundwater extraction through evapotranspiration was assigned locally in areas where mesquite 
occurs. Given that the mean recharge is close to 0.5 percent of the mean annual rainfall, 
evapotranspiration could locally amount to as much as 19 to 29 percent of the recharge applied to 
calibrate the steady-state model. 

The model has annual stress periods for 1980 to 2000 except for the drought years in each 
decade when monthly stress periods were assigned (1988, 1989, 1990 and 1994, 1995, and 
1996). Chowdhury and others (2003) reproduced the water levels using recharge that reflects 
rainfall distribution for the time period and corresponding groundwater pumpage during that 
period. They reproduced the seasonal changes in the water levels by calibrating the specific 
storage and the specific yield values. They were able to best reproduce water-level changes using 
specific storage values of 0.000001, 0.000001, 0.00001, and 0.00001 for layers 1, 2, 3 and 4, 
respectively, and specific yield values of 0.001, 0.0005, 0.0001, and 0.001 for layers 1, 2, 3, and 
4, respectively. The root mean squared error is 17 feet for 1980-1990 and 18 feet for 1990-2000 
(Figures 10-14 and 10-15). The slight improvement in the root mean squared error for the 
transient calibration could simply be due to considering fewer wells than in the steady-state 
calibration. 

The transient model does a reasonably good job of matching the measured monthly and annual 
water-level trends throughout most of the model area, with the exception of a shift between 
simulated and measured water levels (Figure 10-16). This shift in water levels has been carried 
over to the transient model from the steady-state model. In some wells, the shift was more 
pronounced than in others. This discrepancy is probably due to local-scale heterogeneity in the 
aquifer materials that we were unable to capture at the scale of the regional model as we 
averaged the aquifer properties within a model cell. Chowdhury and others (2003) also observed 
that, in some wells, simulated water levels for 1991 and 1992 were underestimated when there 
was considerable pumping. It is possible that the measured water levels for these years were 
taken during the winter months when the water level was high or that the wells had screen 
intervals in more than one aquifer. It is also possible that the shift in water levels could be caused 
by the calibration values that should coincide with the nodes of the model cells but in most cases 
they do not. 

The specific yield values of 0.001 to 0.0005 that Chowdhury and others (2003) used in the 
transient calibration may appear low for the unconfined portions of the aquifer. Typical specific 
yields of sedimentary materials in unconfined aquifers range from 0.14 to 0.38 (Freeze and 
Cherry, 1979). They attempted to calibrate the model using higher specific yields but were 
unable to reproduce the required fluctuations to match the measured water levels. The lower 
specific yield that they used is more typical of semi-confined aquifers. They felt that the lower 
specific yields were appropriate for the Chicot, Evangeline, and the Jasper aquifers as the 
aquifers contain numerous clay beds and silt and clay lenses within the sands. 
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Figure 10-14. Comparison of simulated to measured water levels for 1990 for the southern part of the Gulf 
Coast aquifer (from Chowdhury and Mace, 2003). 

 

 

Figure 10-15. Comparison of simulated to measured water levels for 2000 for the southern part of the Gulf 
Coast aquifer (from Chowdhury and Mace, 2003). 
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Figure 10-16. Comparison of simulated and measured water-level fluctuations in several wells for 1980 
through 1999 for (a) well 8860701, (b) well 8756701, and (c) well 8763601 for the GAM of the 
southern part of the Gulf Coast aquifer (from Chowdhury and Mace, 2003). 
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Water Budget 

A useful result of groundwater modeling is the ability to account for water budget on various 
components of flow in the aquifer. Water budgets provide information on where the water is 
coming from and where it is going. We summarize the results of the water budgets for each of 
the modeling projects below. 

Northern Part of the Gulf Coast Aquifer 

Simulation results indicate that total recharge through the outcrop areas in the steady-state was 
about 220,000 acre-feet per year (0.17 inches per year). Recharge mainly occurs through the 
outcrop of the Chicot aquifer (about 140,000 acre-feet per year); smaller quantities recharge 
through the Evangeline (about 49,000 acre-feet per year) and the Jasper aquifers (about 33,000 
acre-feet per year); and negligible quantities recharge through the Burkeville Confining System 
(Kasmarek and Robinson, 2004). There are considerable differences between the pre-
development and post-development recharge. Post-development recharge more than doubles to 
about 550,000 acre-feet per year in 1977 and 700,000 acre-feet per year in 2000 (Kasmarek and 
Robinson, 2004). Similarly, post-development discharge decreases from about 220,000 acre-feet 
per year to about 120,000 acre-feet per year in 1977 and to about 120,000 acre-feet per year in 
2000. Therefore, much of the rejected recharge under pre-development condition is captured by 
the groundwater flow system to sustain groundwater pumping. It is notable that most of the 
recharge naturally discharges in the respective outcrops with only small fractions joining deeper, 
downdip parts of the aquifer. 

Central Part of the Gulf Coast Aquifer 

Chowdhury and others (2004) estimated the total volume of water that enters or leaves the 
system using the calibrated steady-state model. They found that about 540,000 acre-feet of water 
flows annually through the aquifer system. Of this total flow, 33 percent sources from rainfall 
that directly falls on the land surface in the outcrop areas of the model and 65 percent seeps into 
the aquifers from the numerous streams that cross the model area. When recharge values from 
rainfall alone are considered, they observed that about 66 percent of the recharge from rainfall 
infiltrates through the outcrops of the Chicot aquifer; about 21 percent infiltrates through the 
outcrops of the Evangeline aquifer; about 5 percent infiltrates through the outcrops of the 
Burkeville confining system; and about 8 percent through the outcrops of the Jasper aquifer.  

Cross-formational flow between the different aquifers and the confining units are (1) about 
20,000 acre-feet per year from the Evangeline aquifer to the overlying Chicot aquifer, (2) about 
6,000 acre-feet per year from the Burkeville confining system to the overlying Evangeline 
aquifer, and (3) about 1,400 acre-feet per year from the Jasper aquifer to the Burkeville confining 
system.  

Of the total annual flow of about 540,000 acre-feet, about 81 percent discharges into the streams 
and about 19 percent discharges into the Gulf of Mexico. Net loss of water from the aquifers 
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(baseflow discharge minus water inflow from the river) is about 46,500 acre-feet per year 
through the Chicot outcrop, about 24,000 acre-feet per year through the Evangeline outcrop, 
about 5,500 acre-feet per year through the Burkeville Confining System, and about 13,000 acre-
feet per year through the Jasper outcrop. Both the reservoirs/lakes and the drains used to simulate 
the wetlands near the coast have only small volumes of water flowing through them. 

The estimated water budget for the 1989 and 1999 calibration years are presented in Chowdhury 
and others (2004). They observed that stream discharge in 1989 is much lower than the pre-
development model. The reduction in stream discharge in the transient model could presumably 
be attributed to groundwater pumping. Groundwater pumping is likely to capture groundwater 
flow that would have otherwise discharged naturally, causing reduced flow into and out of the 
streams. Discharge to the Gulf of Mexico is reduced in 1989 compared to the pre-development 
model. This observation is consistent with the findings from other recently developed models on 
the Gulf Coast aquifer system (Dutton and Richter, 1990; Ryder and Ardis, 2002; Kasmarek and 
Robinson, 2004). 

Total recharge was considerably higher in 1989 than in the pre-development model probably due 
to capture of natural discharge (Chowdhury and others, 2004). Under natural conditions, 
groundwater recharge is balanced by discharge (Theis, 1940; Domenico and Schwartz, 1998). 
However, with continued decline in water level, a dynamic equilibrium is achieved either by 
increasing recharge and/or decreasing natural discharge.  Recharge decreases again in 1999, 
coincident with the recovery of the water levels in the aquifer. Recovery of the water levels in 
1999 occurs despite the fact that groundwater pumping in 1999 is at the same level as in 1989. 
Pumping in 1989 and 1999 are, however, considerably lower (by about 33 percent) compared to 
pumping of the early 1980s. This is probably why there is more recovery of the water levels in 
1999. With the recovery of water levels in 1999, there is also a sharp decline in the amount of 
water movement out of storage into the flow system. This recovery in the water levels also 
results in an increase in stream discharge. 

Southern Part of the Gulf Coast Aquifer 

Chowdhury and Mace (2003) estimated the total volume of water that enters or leaves the system 
using the calibrated steady-state model. They found that about 87,000 acre-feet per year of water 
flows through the aquifer system. Of this total flow, 47 percent comes from rainfall that directly 
falls on the land surface in the outcrop areas of the model and 53 percent seeps into the aquifers 
from the Rio Grande. Nearly 62 percent of the total recharge from rainfall percolates through the 
Chicot outcrop; 32 percent percolates through the Evangeline outcrop; and the remainder (6 
percent) percolates through the thin sliver of the Jasper outcrop. Of the total flow of about 87,000 
acre-feet per year, 3 percent is lost through evapotranspiration, 15 percent discharges through 
pumping that existed during the 1980s, 32 percent flows into the Rio Grande and Arroyo 
Colorado, and 50 percent discharges to the Matagorda Bay and Gulf of Mexico. The amount of 
groundwater lost through evapotranspiration may appear low at the regional scale, but 
evapotranspiration may locally comprise up to 30 percent of recharge under steady-state 
conditions. 
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Conclusions 

The Gulf Coast aquifer of Texas has had a number of models developed to better understand its 
flow characteristics and to provide management tools. The most recent models have been 
developed under the GAM program. Conclusions resulting from these modeling efforts are 
described below. 

Northern Part of the Gulf Coast Aquifer 

The calibrated model shows general agreement between simulated and measured water levels. 
The model reproduces the cones of depression in areas with excessive groundwater pumping. 
However, the model was unable to reproduce maximum depths of the cones of depression in 
some drawdown areas. The root mean squared errors that measure differences between simulated 
and measured water levels for 1977 are 34 feet for the Chicot aquifer, 43 feet for the Evangeline 
aquifer, and 47 feet for the Jasper aquifer. The root mean squared error for 2000 was 31 feet for 
the Chicot aquifer, 40 feet for the Evangeline aquifer, and 34 feet for the Jasper aquifer. 
Simulated hydrographs recording water level changes through the calibration period matches 
closely to measured hydrographs. Simulation results indicate that total recharge through the 
outcrop areas in the steady-state was about 220,000 acre-feet per year (0.17 inches per year). 
There are considerable differences between the pre-development and post-development recharge. 
Post-development recharge more than doubles to 550,000 acre-feet per year in 1977 and 700,000 
acre-feet per year in 2000. Post-development discharge similarly decreases from about 220,000 
acre-feet per year to about 120,000 acre-feet per year in 1977, and about 120,000 acre-feet per 
year in 2000. Therefore, much of the rejected recharge under pre-development conditions is 
captured by the groundwater flow system to sustain groundwater pumping. Most of the recharge 
naturally discharges in the respective outcrops, with only small fractions joining deeper, downdip 
parts of the aquifer. Simulated land-surface subsidence closely matches measured subsidence in 
the Harris-Galveston-Fort Bend county area. 

Central Part of the Gulf Coast Aquifer 

The calibrated model does a reasonable job of matching spatial distributions of water levels and 
water-level changes in well hydrographs with our data. The model reproduces the drawdown 
cones observed in Wharton, Victoria, and Kleberg counties in 1989 and 1999. The root mean 
squared error for calibration is about 21 feet for the pre-development period, 46 feet for 1989, 
and 36 feet for 1999. 

About 540,000 acre-ft of water flows annually through the central Gulf Coast aquifer system in 
the pre-development model. Of this flow, 33 percent comes from rainfall and 65 percent seeps 
into the aquifers from the streams. Of the total annual flow of about 540,000 acre-feet, about 81 
percent discharges into the streams, and about 18 percent discharges through the general head 
boundary into the Gulf of Mexico. Net loss of water from the aquifers (baseflow discharge minus 
water inflow from the river) is about 46,500 acre-feet per year through the Chicot outcrop, about 
24,000 acre-feet per year through the Evangeline outcrop, about 5,500 acre-feet per year through 
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the Burkeville Confining System outcrop, and about 13,000 acre-feet per year through the Jasper 
outcrop. 

Southern Part of the Gulf Coast Aquifer 

The calibrated model generally replicates the spatial distribution of the water levels, maintaining 
the interpreted groundwater flow direction towards Gulf of Mexico and Rio Grande. The root 
mean squared error of the calibrated steady-state model is 23 feet—about 4.4 percent of the 
hydraulic head drop across the model area. The modelers used about 0.52 percent of the average 
annual rainfall for 1930 to 1980 to calibrate the steady-state model. They found that about 
87,000 acre-feet per year of water flows through the aquifer system. Of the total flow, 47 percent 
comes from rainfall and 53 percent seeps into the aquifers from the Rio Grande. Cross-
formational flow is a significant component of the total flow, with deeper groundwater from the 
Evangeline aquifer reaching upwards into the down-dip areas of the Chicot aquifer. 
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Chapter 11 

Optimization-Based Approaches for 
Groundwater Management 

Venkatesh Uddameri1, Muthukumar Kuchanur1, and Naresh Balija1 

Introduction 
Sustainable management of groundwater resources has gained increased attention in recent 
times, especially in the arid and semi-arid regions of Texas. The threat of large-scale unregulated 
pumping has spurred the creation of groundwater conservation districts in order to regulate the 
underlying aquifer resources in an efficient manner. Chapter 36 of the Texas Water Code and the 
more recent House Bill 1763 provide the legislative framework under which Groundwater 
Conservation Districts (GCDs) have to operate. In particular, GCDs have to develop a 
comprehensive management plan that addresses a variety of groundwater-related issues, 
including but not limited to: identifying efficient use of groundwater resources, addressing 
drought conditions, and characterizing surface water-groundwater interactions. 

Obtaining reliable estimates for how much groundwater is available within a district is 
fundamental to its proper management. The available groundwater is a function of both aquifer 
hydrogeologic characteristics as well as the risk preferences of the decision makers’ involved. 
While a significant quantity of water is held in the subsurface, it is not practical or advisable to 
remove all of it over a short duration. The concept of safe yield suggests that the total 
withdrawals from the aquifer in a given time period should not exceed the recharge occurring 
over the same time period. While this approach is conceptually appealing, it is increasingly being 
considered inadequate as it does not account for the ecological demands on groundwater. In 
certain other areas, the anthropogenic demands on groundwater are large and exceed the amounts 
being recharged. In such instances, the depletion of groundwater is taken for granted, and the rate 
of depletion is managed to ensure that sufficient quantities of groundwater are available until 
alternative supplies are identified or water use is shifted to reduce the demand. 

Groundwater management is a multi-stakeholder process wherein competing objectives and 
differing sets of values and perceptions have to be effectively reconciled. From a practical 
standpoint, consensus-based water management strategies and solutions are likely to succeed and 
lead to efficient use of groundwater (Mace and others, 2001). The challenge is to adequately 
capture the subjective preferences and concerns of the stakeholders and characterize them in 
terms of aquifer stimulus-response behavior. 
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The Texas Water Development Board (TWDB) has recently completed the development of 
groundwater availability models (GAMs) for major aquifers in Texas (for example, Chowdhury 
and others, 2004). These models utilize the conservation of mass and energy (Darcy’s law) to 
predict the response of the aquifer to various natural and anthropogenic stimuli such as recharge, 
pumping, and evapotranspiration. The response of the aquifer is characterized as the total 
hydraulic head (well water levels measured from a pre-specified datum). As stated previously, 
the available groundwater within a GCD is a function of both hydrogeology and public policy. 
GAMs only address the hydrogeologic part of the water availability equation. Hence, an 
additional instrument that combines GAM with the policy preferences of the stakeholders within 
a GCD is required to derive scientifically-credible, risk-informed, and consensus-based 
groundwater availability estimates. 

The overall goal of this paper is to demonstrate how optimization tools developed in the field of 
operations research can be integrated with simulation models (GAMs) to objectively estimate 
groundwater availability by incorporating appropriate stakeholder preferences. The basic 
concepts required to set up the management model (optimization model) is presented next and is 
followed by illustrative case studies that combine optimization modeling with GAMs to develop 
decision support tools for estimating groundwater availability. 

Optimization-Based Groundwater Management Models 
Optimization-based models for management are comprised of three parts: (1) the objectives that 
form the basis of management; (2) the constraints that limit the realization of the management 
objectives, and (3) the decision variables that control the management process. In optimization-
based approaches, the decision variables are adjusted with the goal to maximize (or minimize) 
the objectives subject to meeting the constraints. 

In the context of groundwater availability estimation, the objective functions could be 
maximizing the withdrawal of groundwater for economic gains and/or minimizing the 
withdrawal of groundwater to promote conservation. Multiple objectives such as maximizing 
pumping for economic gains and minimizing pumping for conservation or subsidence control 
can be simultaneously considered and such models are referred to as multiobjective optimization 
models. For groundwater availability estimation, constraints indicate the preferences and 
concerns of the stakeholders. Constraints could cover a gamut of issues, including: (1) ensuring 
that the pumping does not cause saltwater intrusion along the coast, (2) preventing subsidence 
from occurring, (3) protecting shallow wells from going dry, (4) making sure ecological 
requirements such as baseflows to streams and creeks are maintained, and (5) requiring that 
groundwater be equitably available to all stakeholders within the district. The decision variables 
could be point sources such as pumping at wells in different locations and areal sources/sinks 
like recharge rates indicating additional artificial recharge facilities or land use/land cover 
alterations that control evapotranspiration rates. 

Both the objective and the constraints have to be the functions of the decision variable. If these 
functions are all linear, then the optimization model is called the linear programming model; 
otherwise, it is called a non-linear programming model. GAMs simulate the response of the 
aquifer to different imposed stresses. The state variable (total hydraulic head) at any location in 
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the model domain is a function of imposed stresses—pumping or alterations to recharge and 
evapotranspiration. Hence, if the constraints are specified in terms of the state variable, the 
relationship provided by the GAM could be used to establish the relationship between the 
constraints and the objective function. 

For example, the management goal—“Large-scale pumping projects should not cause shallow 
domestic and livestock wells to go dry”—could be quantified as “the drawdown at a monitoring 
well due to any proposed large-scale pumping should not cause the water levels to drop more 
than 20 feet from their long-term average values.” The GAM can then be used to simulate the 
response of the aquifer when a new project is proposed and to establish a relationship between 
the pumping and the response at the monitoring well of interest. This relationship is then fed into 
the optimization model as a constraint to characterize the policy of GCD. 

There are two approaches by which the responses from the simulation models such as GAMs can 
be incorporated into an optimization framework (Gorelick, 1983). In the embedded approach, the 
entire simulation model is included within the optimization framework. Alternatively, in the 
response function approach, the relationship between the stimulus (pumping at a well) and the 
response at a specified monitoring well is expressed as an algebraic relationship in the 
optimization model. GAM runs are carried out prior to the development of the management 
model to establish the necessary relationship between stimulus (pumping) and response 
(monitoring well heads). The embedded approach offers greater flexibility in terms of changing 
pumping and monitoring well locations during optimization exercises as the entire GAM is 
embedded within the optimization framework. However, development of such models requires 
considerable programming effort. In addition, the developed optimization models will be 
cumbersome and hard to interpret. As such, the response function approach is better suited for 
groundwater availability estimation and often employed in groundwater optimization studies (for 
example, Zhou and others, 2003). 

The algebraic equation linking groundwater pumping to aquifer drawdown is noted to be linear 
for confined aquifers (Ahlfeld and Mulligan, 2000). As such, the total response at the monitoring 
well due to simultaneous pumping at different locations is equal to the sum of individual 
responses caused due to pumping at each well. Therefore, if the total number of new wells in a 
proposed project is N, a minimum of N+1 model runs will be required to obtain the necessary 
response at different monitoring wells for a given time-step. The stimulus-response relationship 
is nonlinear when the transmissivity of the aquifer changes with drawdown, as is the case in 
unconfined formations. However, if the pumping is not excessive, the assumption of linearity is 
noted to reasonably hold true in unconfined formations as well (Uddameri and Kuchanur, 2005). 
Suitable nonlinear formulations have been suggested in the literature (Maddock III, 1974) and 
can be employed when the assumption of linearity is not reasonable. While nonlinear 
optimization models are not difficult to conceptualize, certain computational complexities have 
to be dealt with in their implementation. Also, the number of GAM runs required to establish the 
nonlinear relationship can be substantial and adds to the modeling effort. 

Groundwater practitioners and consultants often employ sensitivity studies to evaluate impacts of 
potential projects or altered situations on water levels in aquifers. At a mechanistic level, the 
optimization approach effectively automates this procedure and searches for all possible 
solutions (Ahlfeld and Mulligan, 2000). The optimization approach is also valuable from the 
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policy standpoint, as it requires relevant stakeholders and decision makers to identify and 
characterize goals, objectives, and constraints. Using optimization models in an interactive mode 
is helpful to foster sustainability debate and reach consensus-based groundwater management 
policies as envisioned by the state legislature. 

The literature is replete with applications of combined simulation optimization approaches to 
groundwater management (for example, Willis and Finney, 1988; Finney and others, 1992; 
Emch and Yeh., 1998; Zhou and others, 2003; Uddameri and Kuchanur, 2005). Additional 
information about this approach can be obtained in Gorelick (1983) and Ahlfeld and Mulligan 
(2000). Case studies illustrating the application of optimization schemes for groundwater 
management in the Gulf Coast aquifer of Texas are discussed next. 

Case Study I: Coupling Optimization with Steady-State 
Central Gulf Coast GAM 
The steady-state Central Gulf Coast aquifer Groundwater Availability Model (SS-CGC-GAM) 
described by Chowdhury and others (2004) was used to develop estimates for how much water is 
available for use in Refugio County, Texas. This county is predominantly rural and is 
experiencing very little growth. The water demands are estimated to be less than 3,000 acre-feet 
per year and projected to stay constant over the next several decades (TWDB, 2002). As such, 
the use of a steady-state model was deemed reasonable to obtain preliminary water availability 
estimates. 

The groundwater in Refugio County, Texas, is mostly extracted from the unconfined Chicot and 
semi-confined Evangeline aquifers of the Gulf Coast aquifer. Hydrogeologic studies carried out 
by Mason (1963) indicate that the Evangeline Formation is more prolific and consists of 
considerable sand thicknesses. Hence, it is likely that future large-scale development of 
groundwater resources are likely to occur in this formation. Being a coastal county, concerns 
with regards to potential saltwater intrusion under large-scale pumping were expressed by many 
stakeholders and decision makers. In addition, many ranchers and farmers use windmills to 
extract groundwater for their livestock, especially in remote ranch locations where electricity is 
not readily available. Hence, regional-scale drawdowns incurred due to any proposed large-scale 
project were to be kept at a minimum to avoid negative economic externalities. Refugio County 
has three perennial rivers: the Aransas River in the south, the Mission River in the central part, 
and the San Antonio River in the north. Surface water-groundwater interactions near these rivers 
were deemed important to sustain low summer flows and for aquifer recharge during 
precipitation events. In addition, as the aquifer is shared by other adjoining counties, the impacts 
of any groundwater withdrawals in Refugio County on water levels in adjacent counties were to 
be assessed as well. 

Based on the above considerations, a management scenario consisting of several pumping and 
monitoring wells was developed and is depicted in Figures 11-1 and 11-2. The monitoring wells 
labeled B are used to monitor water levels in adjoining counties. Similarly, the monitoring wells 
labeled R, C, and M were used to monitor heads near the rivers, within the county (to maintain 
regional groundwater gradients), and along the coast to monitor for saltwater intrusion, 
respectively. The objective then was to identify how much surplus groundwater is available in  
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Figure 11-1. Pumping and monitoring wells in the Chicot aquifer—Case Study I. 

 

Figure 11-2. Pumping and monitoring wells in Evangeline aquifer—Case Study I. 
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the district, subject to constraints on saltwater intrusion, sustaining baseflows, and maintaining 
regional gradients. Mathematically, these constraints can be stated as (Uddameri and Kuchanur, 
2005): 

  
∑
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Equation (1) represents the objective of maximizing the amount of groundwater that can be 
safely pumped (Q) from the aquifer. The prevention of saltwater intrusion is captured in 
Equation (2) where hydraulic heads (H) monitored at ten locations along the coast (MW1, … , 
MW10) in both Chicot and Evangeline aquifers (j = 1, 2) are assumed to be below specified head 
(MSL - Δ ). Where MSL is the height of the mean sea level from a pre-specified datum (equal to 
zero when mean sea level is used as the datum) and Δ  is the magnitude of the depth below the 
sea level that can be tolerated. The value of Δ  was taken to be equal to zero in the baseline case. 

The groundwater flow in the aquifers is from west to east. One important management objective 
was to ensure that any future groundwater development should not cause an alteration to this 
regional flow direction. Three well couplets each in Chicot and Evangeline formations (i = 1, 2) 
were selected at different locations, (C1, C2, C3, C4, C5, C6) as depicted in Figures 11-1 and 11-
2, in order to enforce the constraint that the heads in the western section (at C1, C3, C5) were 
greater than the corresponding wells on the eastern side (at C2, C3, C5) as mathematically stated 
in Equation (3). Along the same lines, another management objective was to maintain 
groundwater flows towards streams to sustain baseflows during dry periods. A set of four well 
couplets each in Chicot and Evangeline aquifers (R1-R2, R3-R4, R5-R6, R7-R8) were used for 
this purpose and the management objective was mathematically stated using Equation (4). 

The hydraulic heads in the adjoining counties could not fall below a pre-specified level ( Δ ). This 
constraint is mathematically captured using Equation (5). Equation (6) implies that the flow rate 
(Q) in any management well should not be less than a pre-specified flow rate (Qmin) specific to 
that well. A nominal minimum flow rate of 100 acre-feet per year was assigned to ensure at least 
a certain degree of pumping at each well without rendering the linear programming result 
infeasible. The necessary response coefficients were generated by carrying out appropriate GAM 
runs and the management model was coded in an MS-EXCEL spreadsheet and solved using the 
WHATSBEST add-in (Lindo Systems Inc., 2005). 
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The results of the optimization model are summarized in Table 11-1. The illustrative results 
indicate that how much groundwater is available in Refugio County depends upon how much 
drawdown is deemed acceptable in adjoining districts, suggesting the need for cooperation and 
joint planning among neighboring districts. 

Table 11-1. Estimated groundwater availability under various drawdown conditions at the Refugio County 
boundaries. 

No. 
Saltwater intrusion 

constraint 
(feet) 

Boundary drawdown 
constraint 

(feet) 

Available 
groundwater 

(acre-feet per year) 
1 0 5 12409 

2 0 25 30481 

3 0 50 37247 

4 0 100 39630 

5 0 150 39650 

Case Study II: Coupling Optimization with Transient 
Central Gulf Coast GAM 
The transient version of the Central Gulf Coast aquifer GAM (T-CGC-GAM) was coupled with 
optimization routines to evaluate the impacts of proposed large-scale pumping projects along the 
western sections of the Refugio County. Two potential well fields, one in the southwestern 
section and the other in the northwestern section, were simulated by placing ten production wells 
in the Evangeline Formation. A suite of monitoring wells similar to the ones used in the previous 
study was also employed in this scenario evaluation. The locations of the monitoring and 
pumping wells are schematically depicted in Figure 11-3. The management model can be 
mathematically stated as follows: 
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Figure 11-3. Pumping and monitoring wells in Evangeline aquifer—Case Study II. 

The objective function and constraint set (Equations 7–12) for the transient model is very similar 
to their steady-state counterparts. However, an additional indexing variable (t = 2000, …, 2009) 
is used to depict predicted annual pumpage rates between the years 2000 and 2009. Quasi steady-
state conditions were assumed with respect to recharge, evapotranspiration, and other 
groundwater users, and the inputs and withdrawals during the period 2000–2009 were assumed 
to be the same as that occurring between the years 1990–1999. The value of Δ  in Equation (2) 
was set to zero and the heads in the coastal monitoring wells were required to be above mean sea 
level (MSL). Similarly, the allowable drawdown in boundary monitoring wells (Equation 11) 
was assumed to be 25 feet in this illustrative application. 

The transient simulation-optimization model provides a schedule of how much water can be 
safely extracted while meeting the prescribed constraints. This schedule is the most optimal of 
many possible combinations in that the total pumpage over the ten-year horizon is maximized 
and the constraints are satisfied over the entire planning period. In addition to depicting the 
pumping schedules, Figures 11-4 and 11-5 also depict the average heads in all the monitoring 
wells in Evangeline and Chicot aquifer, respectively. The hydraulic heads in the year 1999 serve 
as the baseline for calculating the drawdown in the year 2000 and heads calculated by the GAM 
are used to compute drawdowns in subsequent years. The results (Figures 11-4 and 11-5) 
indicate that large amounts of water cannot be withdrawn on a steady basis for the conditions 
assumed in this study. The results in Figure 11-4 also indicate that there is on average a 20 foot 
drop in heads in the monitoring wells tapping into the Evangeline Formation. On the other hand,  
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Figure 11-4. Total pumpage versus average heads in the Evangeline aquifer for Case Study II. 
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Figure 11-5. Total pumpage versus average heads in the Chicot aquifer for Case Study II. 
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the hydraulic heads in the Chicot Formation are not affected by pumping in the Evangeline 
Formation, suggesting that the cross-formational flow in the TWDB GAM is not significant 
between the Chicot and Evangeline formations at the optimally derived pumping rates. 

Sensitivity of the estimated water availability to the drawdown constraint at the county 
boundaries is schematically depicted in Figure 11-6. The results indicate that the specified 
drawdown at the boundary wells is significant if the acceptable drawdown is less than ten feet. 
Other constraints, notably the need to preserve regional groundwater gradients (Equation 9), 
affected the estimated water availability when the acceptable drawdown at the county boundaries 
was greater than ten feet. 
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Figure 11-6. Sensitivity of the estimated water availability to the boundary drawdown constraint. 

Summary and Conclusions 
Obtaining reliable estimates for groundwater availability is vital for efficient management of 
groundwater resources. The managed available groundwater in an aquifer is a function of both 
aquifer characteristics and public policy. GAMs developed by the Texas Water Development 
Board utilize conservation laws of physics to simulate the aquifer response characterized as 
hydraulic heads to various stresses (pumping, recharge, evapotranspiration, and other energy 
gradients). Optimization models can be established with specific management objectives (such as 
maximize groundwater extraction for economic gains) subject to environmental, ecological, and 
social constraints. The response from the GAMs can be used to characterize these constraints, 
and the combined simulation optimization models can be used to estimate groundwater 
availability and evaluate other policies. 

The general simulation optimization approach has been discussed in this paper and two case 
studies demonstrating the utility of integrating GAMs with optimization schemes have been 
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illustrated. These real-world case studies demonstrate the utility of optimization schemes in 
groundwater management. The optimization approach effectively automates this procedure and 
searches for all possible solutions and as such is superior to conventional sensitivity analysis. 
The optimization approach is also valuable from the policy standpoint, as it requires relevant 
stakeholders and decision makers to identify and characterize goals, objectives, and constraints. 
Optimization models abstract the essential features of GAMs that are pertinent to the specific 
problems and therefore are more intuitive to understand. Application of these models in an 
interactive mode could help stakeholders understand the economic, environmental and ecological 
implications of proposed policies and help reach consensus-based groundwater management 
objectives as envisioned by the state legislature. 
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Chapter 12 

Salt Domes in the Gulf Coast Aquifer 
H. Scott Hamlin1 

Introduction 
Salt domes are common geologic features within the Gulf Coast aquifer along the upper Texas 
Coast. The core of a salt dome forms a vertically elongate, cylindrical stock, consisting of 90 to 
99 percent crystalline rock salt (halite). Cap rock composed of sulfate and carbonate minerals 
commonly overlies the crest of the salt stock and drapes down the uppermost flanks (Figure 12-
1). Salt stock and cap rock are enclosed in sediments and sedimentary rocks of the Gulf Coast 
aquifer and deeper saline-water intervals. Salt-dome crests are generally one to three miles in 
diameter and buried at depths that range from land surface (essentially zero feet) to greater than 
10,000 feet. 

Shallow salt domes have the potential to increase groundwater salinities in the Gulf Coast aquifer 
in two ways: first by direct dissolution and transport of soluble dome minerals and second by 
providing pathways for groundwater mixing between shallow freshwater and deep saline-water 
aquifers. The salt domes of the Texas Gulf Coast have been thoroughly explored in the search for 
oil and gas, but the effects of shallow salt domes on groundwater quality have been less well 
studied. The purpose of this paper is to review the available literature on the salt domes of the 
Texas Gulf Coast and summarize our current understanding of salt dome hydrogeology. 

Salt Dome Geology 
Salt domes are geologic structures that grow and develop as sediments are being deposited 
around them (Seni and Jackson, 1984). The salt originally formed bedded evaporite deposits in 
the ancestral Gulf of Mexico during the Jurassic period. A thick (greater than 20,000 feet) 
sequence of sedimentary rocks now overlies the salt source layer (Figure 12-2). Salt, which is a 
low-density, ductile mineral, is gravitationally mobilized by sediment loading, forming a variety 
of upwelling structures, one of which is the cylindrical salt dome. The growth of salt structures, 
in turn, influences the structure and stratigraphy of surrounding sediments and sedimentary 
rocks. Uplift and upward drag occur against the salt stock and over its crest. Steeply dipping 
strata terminate against the salt stock, and shallower layers arch over the dome crest (Figure 12-
2). The zone of uplift near the dome is surrounded by areas of subsidence and downwarping 
(Figure 12-2). Faults and fractures are also common features of salt dome growth. 
                                                 
 
1 Texas Water Development Board 
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Figure 12-1.  Generalized cross section of a salt dome showing salt stock and cap rock mineralogical zones 
(modified from Halbouty, 1979). 

Salt dome growth also influences the topography of the overlying land surface. Positive 
topographic relief is linked to uplift, whereas subsidence of the topographic surface is linked to 
dissolution of the dome crest (Seni and Mullican, 1986; Mullican, 1988). Of the shallow domes 
along the upper Texas Gulf Coast, 63 percent have positive topographic relief over their crests 
(Seni and others, 1984d). Warping of the depositional surface, either on the coastal plain or in 
the shallow marine environment, influences sedimentation patterns. Muddy sediments tend to be 
deposited over dome crests, and sandy sediments tend to be deposited in surrounding 
downwarped areas. 

Salt dome cap rock is composed mainly of anhydrite, gypsum, and calcite arranged in 
heterogeneous layers (Figure 12-1). Cap rock formation results from salt dissolution. Anhydrite 
(calcium sulfate), the main impurity in the salt stock, forms a residual accumulation at the dome 
crest. Other geochemical processes convert the anhydrite to gypsum (hydrous calcium sulfate),  
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calcite (calcium carbonate), and to a lesser extent, native sulfur and metallic sulfides (Bodenlos, 
1970; Kyle and Price, 1986). Cap rock layering is irregular and varies greatly from dome to 
dome. Structural deformation and fracturing are common, as are cavernous voids. Gulf Coast cap 
rocks range in thickness from 0 to 2,000 feet. Cap rocks are direct evidence for dissolution of salt 
by groundwater. 

Most of the salt domes along the Gulf Coast of Texas occur in the northeast (Figure 12-3). The 
base of fresh to slightly saline water (less than 3,000 mg/L of total dissolved solids [TDS]) in the 
Gulf Coast aquifer varies but is generally less than 3,000 feet (Baker, 1979); therefore, shallow 
salt domes whose crests are less than 3,000 feet deep are the ones that could affect fresh 
groundwater quality. There are 3 shallow salt domes in South Texas southwest of Corpus Christi 
and 35 along the upper coast (Figure 12-3). Because there is a gap in depth distribution between 
shallow and deep salt domes, the maximum depth of shallow domes is only 1,500 feet. The 
average depth is 565 feet. Average cap rock thickness is 481 feet (Figure 12-4). 

Natural Resources 
Salt domes provide a variety of natural resources (Seni, 1986). Structural deformation and cap 
rock formation have created prolific petroleum reservoirs. Oil and gas are trapped in uplifted 
strata surrounding or overlying salt domes and in the cap rock itself. In addition to petroleum, 
salt from the salt stock and sulfur from the cap rock are the main commodities derived from Gulf 
Coast salt domes in Texas (Figure 12-5). Salt domes also provide space for storage and disposal 
(Seni and others, 1985). Solution-mined caverns in the salt stock have been created both for 
brine production and for storage of various petroleum products, most commonly liquid 
petroleum gas. The volume of some storage caverns exceeds ten million barrels. Crude oil for the 
Strategic Petroleum Reserve is stored in caverns at several Texas Gulf Coast salt domes. 
Cavernous zones in cap rocks have been used for brine disposal (Seni and others, 1984c), and the 
potential for disposal of chemical wastes in salt caverns has been evaluated (Seni and others, 
1984a). 

Resource development and production can create geologic and hydrologic instabilities around 
salt domes (Seni and others, 1985). Land-surface subsidence, sometimes involving catastrophic 
collapse and sinkhole formation, is common where large amounts of sulfur, salt, and/or 
petroleum have been extracted from the salt dome (Mullican, 1988). High-volume brine disposal 
elevates cap rock fluid pressures in shallow intervals laterally adjacent to freshwater sands, 
reversing pre-development hydraulic gradients and creating the potential for aquifer 
contamination (Hamlin and others, 1988). Petroleum storage caverns in the salt stock have failed 
and leaked product into surrounding freshwater sands (Seni and others, 1984b, 1985). 

Hydrogeologic Units 
A salt dome in the Gulf Coast aquifer forms a complex system of hydrogeologic units. The salt 
stock is a cylindrical vertical aquiclude. The cap rock rests on the salt stock like an inverted cup. 
Cap rocks are essentially karstic aquifers whose hydrodynamic properties are controlled by 
fracturing and dissolution. Irregularly distributed networks of vuggy to cavernous porosity are  
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Figure 12-3.  Map of shallow salt domes in the Gulf Coast aquifer in Texas. Also showing line of cross 
section in Figure 12-2 (compiled from Seni and others, 1984b-d, 1985). 



 
 

222

 

Figure 12-4.  Map of shallow salt domes in the Gulf Coast aquifer showing relative depths and cap rock 
thicknesses. The salt domes are shown schematically extending above a datum at 3,000 feet 
below sea level. Depth and thickness statistics also shown (Compiled from Beckman and 
Williamson, 1990, and Seni and others, 1984b-d, 1985). 
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Figure 12-5.  Maps of shallow salt domes in the Gulf Coast aquifer showing natural resources. Petroleum 
resources (not shown) have been developed at most Gulf Coast salt domes (compiled from 
Seni and others, 1984b-d, 1985). 

common in cap rock. Drillers name these networks “lost-circulation zones” because of the 
difficulty of establishing drilling-fluid circulation in wells penetrating cavernous intervals. These 
are also the intervals favored for brine disposal because they readily accept high injection rates. 
However, cap rock also includes areas composed of dense calcite and anhydrite, which have low 
hydraulic conductivity. 

The salt stock and cap rock are encased in interbedded sandy aquifers and muddy aquitards. In 
these interbedded sand and mud layers, hydraulic conductivity in the horizontal direction is 
typically many times greater than it is in the vertical direction. However, the potential for high 
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vertical hydraulic conductivity exists within the zone of structural deformation around the salt 
dome. Gulf Coast salt domes contact freshwater sands in the Chicot, Evangeline, and Jasper 
aquifers, as well as saline-water sands in more deeply buried intervals (Figure 12-2). 

Salt Domes and Groundwater Flow 
The arrangement and physical properties of aquifers and aquitards in the salt dome environment 
delineate possible pathways for groundwater flow, but additional evidence is needed to 
document actual groundwater flow. Fluid-pressure gradients must be known to establish 
hydraulic driving forces for flow, and groundwater chemical compositions must be known to 
trace groundwater sources and mixing. Ideally, all available geologic and hydrologic data should 
be assembled in a conceptual model of the system that can then be translated into a numerical 
model of three-dimensional, density dependant groundwater flow around the salt dome. This 
section reviews the available hydrodynamic and hydrochemical evidence for groundwater flow 
around salt domes along the Texas Gulf Coast. 

Evidence from Hydraulic Heads 

In the salt-dome environment, groundwater flow is driven not only by hydraulic-head gradients 
but also by density gradients. The density gradients arise from the high thermal conductivity of 
salt and from groundwater salinity variations due to dissolution of the salt itself (Evans and 
others, 1991). Few studies have reported head and density distributions in the vicinity of Texas 
coastal salt domes. Work done in East Texas, where salt domes penetrate the Carrizo-Wilcox 
aquifer, suggests that dome-related uplift creates local recharge areas over some salt-dome crests, 
but in general regional flow patterns are not affected by the presence of salt domes (Fogg and 
others, 1983). Studies in Louisiana, where salt domes penetrate the Gulf Coast aquifer, document 
upward groundwater flow around deeper dome flanks but downward flow at shallower levels 
(Evans and others, 1991), although the focus of the Louisiana studies was the interval below the 
base of freshwater. 

At Barbers Hill salt dome, which penetrates Evangeline and Chicot freshwater sands in 
Chambers County, head measurements and pumping tests were conducted in the cap rock 
aquifer, which is saturated with dense brine (Hamlin and others, 1988). Barbers Hill salt dome 
has a history of intense development, including oil production, salt-cavern storage, and cap rock 
brine disposal. Water-level data are available from cap rock disposal wells. When the effects of 
density variations were normalized, a hydraulic gradient directed radially outward and upward 
from the cap rock was revealed. The present magnitude and direction of this hydraulic gradient is 
attributable both to lowering of fluid pressures in the Chicot and the Evangeline aquifers by 
long-term pumping in the Houston area and to elevation of fluid pressures in the cap rock by 
high-volume brine disposal. 

Controlled brine injection tests at Barbers Hill salt dome indicated that the cap rock is a single 
integrated aquifer with leaky vertical and lateral boundaries. Because of the arched shape of the 
cap rock (Figure 12-1), the vertical boundary corresponds to vertical and lateral contacts with 
freshwater sands, and the lateral boundary is the lower edge down the dome flanks that is in 
contact with deeper saline-water sands. Within the cap rock, water levels stabilized in 
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observation wells during a long-term (29 days) brine injection test, showing that groundwater 
must be exiting the cap rock (Figure 12-6). During the brine injection test, however, water levels 
were not monitored in nearby Chicot and Evangeline water wells, so the exact destination of 
leaking cap rock brines was not documented. 

 

Figure 12-6.  Hydrograph of a long-term cap rock injection test at Barbers Hill salt dome showing brine-
level changes in a cap rock observation well during controlled brine disposal in two other 
cap rock wells. Water levels in nearby Chicot and Evangeline wells are around 100 feet 
below sea level or similar to cap rock brine levels when no disposal is occurring (modified 
from Hamlin and others, 1988). 

Evidence from Groundwater Chemistry 

Hydrochemical patterns in groundwater near salt domes provide information about flow of 
dome-related fluids into surrounding freshwater aquifers. The most commonly available data for 
measuring groundwater salinities in the near-dome environment are geophysical logs from oil 
and gas wells, because an empirical relationship can be established between groundwater salinity 
and electrical conductivity (Jones and Buford, 1951) and because most salt domes have been 
densely drilled in the quest for oil. Using geophysical logs, anomalously high salinities in 
shallow sands were documented near salt domes in Chambers, Fort Bend, and Jefferson counties 
(Wesselman, 1971, 1972). 

At Barbers Hill salt dome, Hamlin and others (1988) used closely spaced well logs to map 
individual sand bodies and groundwater salinities near the dome, revealing a complicated pattern 
of vertical and lateral salinity variation (Figure 12-7). In one Chicot sand, a plume of high-
salinity groundwater extends away from the salt dome in the direction of regional groundwater 
flow (Figure 12-8). Similar saline plumes extending away from salt domes in the direction of 
groundwater flow have been documented in the Carrizo-Wilcox aquifer in East Texas (Fogg and 
others, 1983) and in Germany (Klinge and others, 2002). 

Chemical and isotopic analyses of groundwater are less abundantly available than are 
geophysical logs but can be used to reveal both fluid sources and flow patterns. Banga and others  
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Figure 12-7.  North-south cross section across Barbers Hill salt dome showing Chicot and Evangeline 
sands and groundwater salinities near and in contact with the cap rock. Groundwater 
salinities were interpreted from geophysical logs. Individual sand bodies were correlated and 
mapped using closely spaced geophysical and drillers logs. A map of salinity in the lower 
Chicot sand is shown in Figure 12-8 (modified from Hamlin and others, 1988). 

(2002) used multi-element chemistry and isotopic tracers to document vertical flow patterns in 
deep sandstones (below freshwater) around South Liberty salt dome in Liberty County, showing 
that oil field brines near the salt dome are a mixture of shallow meteoric waters and deep 
formation waters. The presence of a meteoric component in deep brines indicates downward 
flow along the flanks of the salt dome. The implication of the South Liberty salt dome study is 
that shallow fresh groundwater flows across the top of the salt dome, dissolves salt, becomes 
increasingly dense, and then flows downward along the dome flanks driven by a density 
gradient. 
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Figure 12-8.  Map of groundwater salinity in a lower Chicot sand at Barbers Hill salt dome. Salinities 
were measured in water wells and calculated from geophysical logs. Anomalously high 
salinities on the southwest side of the dome outline a plume of saline water extending away 
from the salt dome in the down-flow direction (modified from Hamlin and others, 1988). 

Evidence from Numerical Modeling 

Numerical modeling of groundwater flow systems around salt domes has proved challenging 
owing to the complications of extreme salinity and density variations and complex boundary 
conditions (Konikow and others, 1997). Fogg and others (1983) modeled groundwater flow in 
the Carrizo-Wilcox aquifer around a salt dome but without explicitly including the dome itself or 
salinity variations. Their model helped identify recharge and discharge areas and flow paths in 
freshwater aquifer sands relative to the position of the salt dome, so that the movement of 
potential dome-related contaminants might be predicted. Their model also showed the 
importance of sand-body distribution and interconnection as controls on flow near salt domes. 
Hamlin and others (1988) modeled the cap rock aquifer at Barbers Hill salt dome, using the 
results of controlled brine injections tests, but did not include the surrounding Chicot and 
Evangeline sands or salinity/density variations. Nevertheless, their model accurately reproduced 
water-level measurements and demonstrated that the cap rock boundaries are leaking. Models of 
groundwater flow around Gulf Coast salt domes in Louisiana, which explicitly include both the 
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salt dome and salinity/density variations, emphasize the importance of density-driven flow 
(Evans and others, 1991). The Louisiana models show that salt dissolved at the dome crest is 
carried down the dome flanks below the zone of freshwater. 

Discussion 
The evidence for dissolution of salt dome minerals in shallow groundwater is conclusive. 
Shallow salt domes extend well into the zone of freshwater and are surrounded laterally and 
vertically by Gulf Coast aquifer sands. As salt dissolves at the dome crest, an insoluble residue 
accumulates, forming the cap rock. Within the cap rock itself, chemical reactions occur that 
require the presence of low-temperature, low-salinity groundwaters (Kyle and Price, 1986). 
Geophysical logs have been used to identify high-salinity plumes within otherwise freshwater 
sands near several Gulf Coast salt domes and to map actual sand/dome contacts (Figure 12-7). 
Indeed, dissolution of salt domes by groundwater has been documented, and the amount of salt 
removed has been quantified (Seni and Jackson, 1984; Bruno and Hanor, 2003). 

Although salt actively goes into solution at the crests of shallow salt domes, most of the high-
salinity groundwater thus formed flows downward driven by density gradients. Recent studies 
document downward flow along salt-dome flanks and the control of faults and sand distribution 
on flow paths (Banga and others, 2002; Bruno and Hanor, 2003). Although upward flow occurs 
in deep zones below the base of freshwater (Evans and others, 1991), upward movement and 
mixing of dense saline groundwater from deep zones into the low-density freshwater zones 
appears unlikely. 

Development of both fresh groundwater and salt-dome resources has increased the potential for 
contamination of shallow aquifers. In pre-development steady-state groundwater flow systems, 
salt-dome related contamination remained localized by high freshwater heads in surrounding 
sands and the tendency for high-density brines to flow downward. The combination of lowered 
heads in the Gulf Coast aquifer and increased heads in cap rocks has created hydraulic gradients 
directed outward from the salt dome toward adjacent freshwater sands. Resource extraction and 
leakage of stored petroleum product have further perturbed the natural system. Most of the 
available evidence for salt-dome-related contamination of the Gulf Coast aquifer is at least 20 
years old. More recent hydraulic and hydrochemical data, including data collected periodically 
through time, are needed for proper risk analysis and for a more comprehensive understanding of 
groundwater flow near salt domes. 
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Chapter 13 

Status Report on Brackish Groundwater and 
Desalination in the Gulf Coast Aquifer of Texas 

Sanjeev Kalaswad, Ph.D., P.G.,1 and Jorge Arroyo, P.E.1 

Introduction 
As the population of Texas grows and the demand for water increases, access to adequate 
supplies of fresh water will become a critical issue in many areas of the state. The 2002 State 
Water Plan projects that by the year 2050, the population of Texas will double and demand for 
fresh water will increase by about 20 percent (13 million acre-feet). The 2002 State Water Plan 
further suggests that by 2050 almost 900 water user groups will either need to reduce demand or 
develop additional water sources beyond those currently available to meet shortages during 
periods of drought (TWDB, 2002). One potential additional source that is available is brackish 
groundwater. Texas has a large reserve of brackish groundwater in its aquifers. A study funded 
by the Texas Water Development Board (TWDB) and completed by LBG-Guyton (2003) 
estimates that there is almost 2.7 billion acre-feet of brackish groundwater that may be available 
for use in the state. About one-fifth of this volume is present in the Gulf Coast aquifer (Table 13-
1). However, to be usable, brackish groundwater needs to be desalinated. 

Table 13-1. Volumetric estimates and characteristics summary of brackish groundwater in the Gulf 
Coast aquifer (Modified from LBG-Guyton, 2003; Kalaswad and others, 2004). 

Volume of Brackish 
Groundwater (acre-feet) 

 
Region 

1,000 - 3,000 
mg/l TDS 

3,000 - 10,000 
mg/l TDS 

Availability 
(low to high) 

Productivity 
(low to high) 

Production 
Costs 

(low to high) 

G None Reported None Reported Not Applicable Not Applicable Not Applicable 
H 60,814,000 25,018,000 High High Low to Moderate 
I 26,203,000 13,487,000 High High Low to Moderate 
K 11,574,000 20,543,000 Moderate to High High Low to Moderate 
L 34,721,000 11,574,000 Moderate High Low 
M 105,031,000 33,244,000 Moderate Moderate Low to Moderate 
N 116,086,000 64,198,000 Moderate Moderate to High Low 
P None Reported None Reported Not Applicable Not Applicable Not Applicable 

 

                                                 
 
1 Texas Water Development Board 
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Our paper is a status report on the characteristics of brackish groundwater in the Gulf Coast 
aquifer and the desalination facilities (existing and planned) that use, or plan to use, this source. 
Brackish groundwater is defined as water containing total dissolved solids (TDS) between 1,000 
and 10,000 milligrams per liter (mg/l). This definition includes slightly saline (1,000 to 3,000 
mg/l TDS) and moderately saline (3,000 to 10,000 mg/l TDS) water as defined by the Texas 
Water Development Board (Ashworth and Hopkins, 1995). 

Brackish Groundwater in the Gulf Coast Aquifer 
The approximately 100-mile-wide Gulf Coast aquifer in Texas extends along the Gulf of Mexico 
from the Rio Grande in the south to the Louisiana border in the north. The aquifer is made up of 
four connected, individual aquifers formed in Tertiary and Quaternary sediments with a 
collective maximum thickness ranging from 700 feet in the southern portion of the aquifer to 
1,300 feet in the northern portion of the aquifer. The Gulf Coast aquifer provides water to all or 
parts of 54 counties, with municipal and irrigation use accounting for almost 90 percent of the 
total pumpage from the aquifer (Ashworth and Hopkins, 1995). Parts or all of eight regional 
water planning areas (G, H, I, K, L, M, N, and P) and three groundwater management areas (14, 
15, and 16) overlie the Gulf Coast aquifer (Figures 13-1 and 13-2, respectively). 

Water quality in the Gulf Coast aquifer varies with depth and location. It is generally fresh 
(containing less than 1,000 mg/l TDS) in the northern half of the aquifer and brackish 
(containing 1,000 to 10,000 mg/l TDS) in the southern half (Figure 13-1) and generally tends to 
deteriorate with depth throughout the extent of the aquifer. The Gulf Coast aquifer has a large 
volume of brackish water (about 522 million acre-feet)—the largest of any aquifer in Texas 
(LBG-Guyton, 2003). Of this volume, approximately 354 million acre-feet is water with a TDS 
concentration of between 1,000 and 3,000 mg/l and approximately 168 million acre-feet is water 
between 3,000 and 10,000 mg/l TDS (Kalaswad and others, 2004). 

The volume of brackish groundwater that is available to the regional water planning areas that 
overlie the Gulf Coast aquifer varies. Regions G and P are not known to have brackish 
groundwater, but the other regions have fairly substantial volumes (Table 13-1 and Figure 13-1). 
The largest volume of water is present in Region N (Coastal Bend region), where approximately 
180 million acre-feet of brackish groundwater in the 1,000 to 10,000 mg/l TDS range is 
estimated to be available. Region M (the Rio Grande Regional Water Planning Area) also has a 
fairly large volume of brackish groundwater, estimated at approximately 138 million acre-feet. 
Availability of brackish groundwater in the other regions ranges from approximately 32 million 
acre-feet in Region K to 85 million acre-feet in Region H (Table 13-1 and Figure 13-1). 

LBG-Guyton (2003) assessed the characteristics of brackish aquifers in terms of the availability 
of brackish water in the aquifer, the productivity of the aquifer, and source water production 
costs. Availability is defined as a general measure of the volume of brackish groundwater in an 
aquifer, productivity as a measure of the ease of production from an aquifer based on the 
transmissivity of the aquifer, and production costs as an indication of the relative costs that 
would be incurred to produce the brackish groundwater (excluding treatment and disposal costs). 
An ideal aquifer would have the characteristics of high availability, high productivity, and low 
production costs. It is important to note that this methodology of scoring the merits of an aquifer  
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Figure 13-1. Distribution and volumetric estimates of brackish groundwater in the regional water planning 
areas overlying the Gulf Coast aquifer (modified from LBG-Guyton, 2003). 
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Figure 13-2. Distribution of brackish groundwater in the groundwater management areas overlying the Gulf 
Coast aquifer (modified from LBG-Guyton, 2003). 

was developed only as a guide to regional water planning and was not intended to be used for 
siting facilities. Furthermore, the favorability of a brackish aquifer as a source of supply will 
depend to a large extent on the needs of a water user group and local conditions. 

Generally, availability is estimated to be high to moderate in all regional water planning areas 
(except in Region P where it is estimated to be low), while productivity is estimated to be high 
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(except in Regions M and N in the southern part of the aquifer where it is moderate to high). 
Production costs throughout the aquifer are estimated to be generally low to moderate (Table 13-
1). 

Desalination Activities 
To be usable, brackish groundwater needs to be treated (desalinated). Without treatment, 
brackish water can cause scaling and corrosion problems in water wells and piping and cannot be 
used in many industrial processes (Warner, 2001). The Texas Commission on Environmental 
Quality has established a secondary standard of 1,000 mg/l TDS for public water supply systems 
(TCEQ, 2004). Groundwater with TDS concentrations greater than 3,000 mg/l is not usable for 
irrigation without dilution or desalination and, although considered satisfactory for most poultry 
and livestock watering, can cause health problems at increasingly higher concentrations (Warner, 
2001). 

A recently completed desalination facility study by Nicot and others (2005) for the TWDB 
indicates that there are 38 public water systems with desalination facilities with design capacities 
of approximately about 0.025 million gallons per day (mgd) or more in the state. Although the 
study did not attempt to gather information on the source of brackish groundwater (that is, the 
aquifer), we tentatively identified ten facilities (Figure 13-3) that use brackish groundwater from 
the Gulf Coast aquifer based on the geographical location of the facility and the source of 
groundwater supply within the county as listed in the 2002 State Water Plan database. A list of 
the ten facilities and their characteristics is presented in Table 13-2. 

The ten desalination facilities have a combined design capacity of 11.76 mgd, use reverse 
osmosis to desalinate the water for drinking water purposes, and all of them—with the exception 
of the DS Waters of America, LP desalination plant in Waller County—are located in the 
southern half of the Gulf Coast aquifer (Table 13-2). This is an area that LBG-Guyton (2003) has 
identified as having the most favorable characteristics for producing brackish groundwater. 

Nicot and others (2005) also identified other public water systems with desalination capacities of 
less than 0.025 mgd and industrial and non-public water system facilities, but detailed 
information for these facilities was not easily available and is not listed in their report. Therefore, 
it is difficult to identify such facilities that are using brackish groundwater from the Gulf Coast 
aquifer and consequently these are not discussed in our paper. 

In addition to the existing facilities mentioned above, there are other facilities that are being 
considered by the regional water planning groups to meet anticipated future shortages. Also, two 
TWDB-funded brackish groundwater desalination demonstration projects over the Gulf Coast 
aquifer are scheduled to be implemented in 2006. A brief description of these projects is 
presented below. 

The 79th Texas Legislature, 2005, considered and approved a TWDB Legislative Appropriations 
Request that included $600,000 for implementing a proposed Brackish Groundwater 
Desalination Initiative. The goal of the initiative is to continue facilitating the development of 
brackish groundwater desalination supplies in Texas by assisting in the creation of engineering  
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Figure 13-3. Location of brackish groundwater desalination facilities over the Gulf Coast aquifer (modified 
from Nicot and others, 2005).  See Table 13-2 for characteristics of the facilities. 

facility roadmaps for characterizing source waters, using desalination technologies, and 
managing desalination concentrate. The primary focus of the initiative is on small-to-medium 
sized communities located in water-scarce areas of the state. 

In November 2005, the TWDB selected the top three proposals from a pool of ten responses to 
serve as demonstration projects for the use of brackish groundwater desalination. Two of these  
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Table 13-2. Characteristic summary of Texas desalination facilities with capacity ≥0.025 mgd (Modified 
from Nicot and others, 2005). 

Plant Name County 

Design 
Capacity 

(mgd) Use Source 
Startup 

Year Process Blending? 
Disposal 
Method 

SWRA Cameron 6.75 DW GW 2004 RO Yes SWD 
City of Primera Cameron 2 DW GW 2005 RO Yes SWD 
City of 
Raymondville Hidalgo 1 DW GW 2004 RO No SWD 

City of Kenedy Karnes 0.72 DW GW 1995 RO Yes SWD 
City of Seadrift Calhoun 0.52 DW GW 1998 RO Yes SWD 
Valley MUD #2 Cameron 0.5 DW GW 2000 RO Yes SWD/LA 
Holiday Beach 
WSC Aransas 0.15 DW GW 1998 RO Yes SWD 

DS Waters of 
America, LP Waller 0.09 DW GW 1997 RO No SWR 

City of Bayside Refugio 0.029 DW GW 1990 RO No EP 
North Cameron 
/Hidalgo WA Hidalgo NA DW GW 2005 RO Yes SWD 

Total Design 
Capacity 
(mgd) 

 
11.76 

 
   

 
 

 
Notes:  DW = drinking water; GW = groundwater; RO = reverse osmosis; SWD = discharge to surface water 

body; LA = land application; SWR = discharge to sewer; EP = discharge to evaporation pond; 
NA = information not available. 

 

projects (North Cameron Regional Water Supply Corporation and City of Kenedy) will be 
located over the Gulf Coast aquifer. The North Cameron Regional Water Supply Corporation is 
constructing a brackish groundwater desalination plant that is scheduled to be completed by May 
2006. The facility will treat 3.2 mgd of brackish groundwater from the Gulf Coast aquifer and 
produce a blended output of 5 mgd. The project proponents offer to develop a comprehensive 
engineering facility roadmap to track the development of the project from start to finish. The 
City of Kenedy is in the process of retrofitting and modernizing an existing reverse-osmosis 
groundwater desalination facility and proposes to conduct a feasibility study to add another such 
facility to meet the city’s projected water needs. The project will allow for a factual comparison 
of the performance of a new system with the older reverse-osmosis filtration system currently in 
place. This will result in useful information (cost-benefit) for assessing replacement of similar 
facilities in other areas of the state. 

In anticipation of expected future shortages, four regional water planning groups (regions K, L, 
M, and N) are recommending brackish groundwater desalination from the Gulf Coast aquifer as 
a water management strategy to meet these shortages. A short description of these projects 
follows. All information for the desalination projects within a regional water planning group was 
obtained from the region’s initially prepared plan submitted to the TWDB for review. The 
reference to these is cited at the end of the description for each region. It is important to note that 
these initially prepared plans are still under review by the TWDB and have not yet been 
approved for inclusion in the 2007 State Water Plan. 
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Region K: The Lower Colorado Regional Water Planning Group (Region K) is recommending a 
brackish groundwater desalination facility for the STP Nuclear Operating Company in 
Matagorda County to meet expected shortages in steam electric usage starting in decade 2030. 
Region K has determined that the Gulf Coast aquifer has a significant volume of brackish water 
at the STP Nuclear Operating Company location with a TDS concentration of approximately 
2,500 mg/l. The brackish groundwater desalination strategy would require the drilling of wells 
capable of supplying between 40 and 50 mgd (44,800 and 56,000 acre-feet) of brackish 
groundwater. A plant that is sized to provide 26.4 mgd (29,568 acre-feet) annually will be 
required. Region K estimates that water from this strategy can be produced for about $430 per 
acre foot. This is slightly less than one half of the cost of water from a seawater desalination 
facility (LCRWPG, 2005).  

Region L: The South Texas Regional Water Planning Group (Region L) recommends Gulf 
Coast aquifer brackish groundwater desalination as a water management strategy in Refugio 
County to provide up to 9.07 mgd (10,160 acre-feet) of additional water annually to the Lower 
Guadalupe Water Supply Project. The desalination facilities will be located adjacent to the well 
field and will treat half the brackish water to produce a finished blended water supply that meets 
all potable water regulatory requirements. After desalination treatment and blending, the finished 
water from the brackish well field will be delivered to the Lower Guadalupe Water Supply 
Project transmission system for blending with surface water and other non-brackish groundwater 
from the Gulf Coast aquifer for delivery to Bexar County. The estimated incremental unit cost to 
add this supply to the Lower Guadalupe Water Supply Project is $796 acre-feet per year 
(STRWPG, 2005). 

Region M: Based on the success of previous pilot studies and implementation of several 
projects, the Rio Grande Regional Water Planning Group (Region M) is recommending brackish 
groundwater desalination as a water management strategy for domestic, municipal, and industrial 
users in several areas of the region. The proposed desalination projects are expected to have 
design capacities of between 0.25 and 0.75 mgd (280 and 840 acre-feet). The volume of brackish 
groundwater required for these projects is expected to total approximately 62,000 acre-feet 
annually. The annual cost per acre-feet to implement this strategy is estimated to be $506 
(RGRWPG, 2005). 

Region N: Brackish groundwater desalination is one of 18 water management strategies 
recommended by the Coastal Bend Regional Water Planning Group (Region N) to meet 
anticipated shortages in municipal use. The region is recommending this strategy for several 
cities in Duval County (the cities of Benavides, Freer, and San Diego) and for other water user 
groups in Live Oak, Jim Wells, Kleberg, and San Patricio counties where brackish groundwater 
from the Gulf Coast aquifer is readily available. The recommended desalination facilities are 
relatively small, ranging from 0.6 to 1.2 mgd (672 to 1,344 acre-feet; CBRWPG, 2005). 

Conclusions 
There is an abundance of brackish groundwater in the Gulf Coast aquifer of Texas that is 
available for desalination. There are, however, difficulties associated with implementing such 
projects that can be particularly challenging for smaller communities. Chief among them are 
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managing the desalination waste and predicting the long-term performance of brackish 
groundwater aquifers. Progress is being made on these fronts (for example, work presently being 
pursued to ease the regulatory burden of desalination waste permitting and modeling the 
performance of brackish aquifers under pumping conditions) and we are optimistic that, with 
greater efficiencies offered by modern desalination technologies and continued support from the 
State, brackish groundwater desalination will play an important role as a source of water supply 
in the future. 
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Chapter 14 

Brackish Groundwater Desalination in South 
Texas: An Alternative to the Rio Grande 

Joseph W. (Bill) Norris, P.E.1 

Growing Concerns 
In the mid-1980s, this author began looking at the potential for utilizing brackish groundwater to 
supplement the over allocated Rio Grande. It has been done for years in Florida. Why can it not 
be done in the Rio Grande Valley? In 1988, a trip to look at existing brackish groundwater 
facilities was made by the Brownsville Public Utilities Board to see what was involved to 
construct and operate this type of facility. While this process had merit, the mild drought was 
relieved later in the decade. In the mid-1990s, the Rio Grande Valley was experiencing what 
would ultimately end up as the drought of record, ending in 2004. Brownsville was yet again 
interested in pursing this option a little closer, since Brownsville is the last to take water from the 
Rio Grande after release from the Falcon Reservoir. Much of this water is lost to evaporation, 
seepage and theft, especially in times of drought. There was some concern, but not desperation, 
to pursue the alternative to desalinate brackish water. 

In 1984, a matching grant was awarded to the Brownsville Public Utilities Board to study the 
feasibility of providing desalinated brackish groundwater to Brownsville, thus beginning what 
has been a rapidly growing industry in South Texas. 

Regional Planning Efforts 

Brackish Groundwater Resources 

What was once an unusable supply is now becoming a cost effective means of providing 
alternative water resources to water user groups. In the Rio Grande regional water planning area 
(Region M), there are two main aquifers that can yield sufficient quantities of brackish 
groundwater. Of course, additional treatment will be required, such as reverse osmosis or 
electrodialysis reversal, to remove total dissolved solids. The aquifers that would supply this 
brackish water are the Gulf Coast aquifer and the Carrizo-Wilcox aquifer. 
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The Gulf Coast aquifer system may be an excellent source of brackish groundwater in many 
areas. The southern/western portion of the aquifer system is the best brackish groundwater 
resource because of the dominance of groundwater high in total dissolved solids. In addition, the 
aquifer system may be an excellent brackish groundwater resource in other areas, in particular in 
several areas at or near the coast where poor water quality is common. 

Brackish Desalination Demand 

Based on responses to a survey sent to 63 water user groups in the Rio Grande regional water 
planning area, the use of brackish groundwater desalination is a strategy that they will be using 
now and into the future. Thirty of the 44 respondents indicated that they would be pursuing this 
water management strategy within the next 2 years. They could not wait until the next planning 
cycle to be included. Over 56,000 acre-feet of brackish ground water is expected to be used over 
the next 50 years. 

Demand for this strategy can be attributed to the reduction of costs, education on desalination, 
cost of surface water rights, security, and reduction of surface water availability. Projections for 
this strategy are to be implemented by 2010 but are only projected to remain constant through 
2050. Further water supply availability will be studied during the current planning cycle to 
evaluate increases from the year 2010. 

Description of Brackish Desalination 
Desalination of brackish groundwater is most commonly accomplished through reverse osmosis. 
A full-scale reverse osmosis system to treat brackish groundwater would require pretreatment, 
which would include a cartridge filtration system to remove minimal suspended solids. Acid and 
a silica scale inhibitor would also be added to prevent scale formation. A full-scale system would 
be expected to have a membrane life of approximately five years. Chemical cleaning of the 
membrane would be required approximately one to four times per year. The results of the Valley 
Municipal Utility District plant indicate that larger reverse osmosis systems treating brackish 
groundwater successfully meet all state and federal primary and secondary drinking water 
standards. 

Concentrate from the reverse osmosis system must be disposed of in an environmentally 
acceptable manner. Most of the current or proposed systems will utilize drainage ditch discharge, 
which ultimately will discharge into the Laguna Madre or the Gulf of Mexico. Other options 
include disposal to a sewer system and deep well injection. 

History of Desalination in South Texas 
After the Brownsville Public Utilities Board’s initial review of the potential of treating 
desalinated water in 1988, a dedicated interest was not present until 1994, when the Brownsville 
Public Utilities Board pursued the joint feasibility project with the Texas Water Development 
Board (TWDB). There was, however, a major desalination project that did not include brackish 
groundwater but utilized wastewater effluent as the source water. Since the initial Valley 
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Municipal Utility District Plant, there has been substantial development of brackish groundwater 
treatment plant in the Rio Grande Valley. These developments are listed and described further 
below: 

•  1990 Harlingen wastewater desalination plant 

•  1995 Brownsville/Texas Water Development Board brackish desalination feasibility/pilot 
study 

•  1996 LMWD/ Texas Water Development Board sea-water feasibility/pilot study 

•  1999 Valley Municipal Utility District first potable brackish desalination plant 
constructed 

•  2001 Southmost Regional Water Authority feasibility study 

•  2003 Regional Water Planning Group plan amendment 

•  2003 Multiple facilities in planning/design  

•  2004 Southmost Regional Water Authority and North Alamo Water Supply 
Corporation/La Sara regional desalination plant in production 

•  2005 North Cameron Regional Desalination Plant under construction 

•  2005 North Alamo Water Supply Corporation /Edinburg North and South Plant in design 
phase 

Harlingen Fruit of the Loom  

While this project does not utilize brackish groundwater, it highlighted the use of reverse 
osmosis treatment to desalinate the wastewater into high quality water to be utilized in the 
manufacturing process to produce textiles. This highly recognized project brought to light the use 
of the reverse osmosis process as a feasible alternative to conventional treatment methods. It is 
this author’s opinion that this project was the catalyst to develop the desalination of brackish 
water to come in subsequent years. 

When this project was initiated, Fruit of the Loom was considering Harlingen as a viable location 
for their bleaching and dying operation and the creation of 2,000 jobs. Obstacles included the 
quality of the water to be provided and the cost. The drinking water was too high in total 
dissolved solids, mainly carbonate hardness. If the company were to take this water, further 
treatment would be required, and thus additional costs added, to what was considered an already 
high cost of water (over $1.20 per 1,000 gallons). This cost did not include wastewater service. 

Another alternative was to consider the use of water from the Arroyo Colorado and water from 
the Rio Grande via the Harlingen Irrigation District. These two alternatives proved to be too 
costly due to the level of treatment required. 

The idea of utilizing wastewater was evaluated as a viable option. The initial cost of water was 
free from the wastewater plant and was not used for any other purpose. The water was of good 
quality compared to Rio Grande or Arroyo Colorado water sources. Considering the cost of 
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treatment, it was less costly to treat to the level needed using wastewater effluent than any other 
source available at the time. The initial cost charged to Fruit of the Loom was $1.20 per 1,000 
gallons for both water and wastewater service. The City of Harlingen also constructed a separate 
facility to treat the industrial wastewater returned to the wastewater plant. The industry shut 
down operations in Harlingen in 2003. At that time the use of effluent reuse was no longer 
utilized for this or any other purpose due to lack of demand. 

Feasibility Studies 

During the initial stage of the drought of record in the Rio Grande Valley, a great deal of interest 
was given to alternative sources of water, mainly brackish and seawater desalination. In 1985, 
the Brownsville Public Utility Board and Texas Water Development Board teamed together and 
authorized NRS Consulting Engineers (NRS) to prepare a feasibility study to take brackish 
groundwater in the Brownville area and treat it through reverse osmosis or electrodialysis 
reversal. Results of this study indicated a very good possibility of treating up to 20 million 
gallons per day (mgd) of brackish well water to serve the Brownsville area. Much was dependent 
upon subsequent well testing to firm up the supply numbers from previous well drilling in the 
area. The data from well drilling in the area was quite sparse, as very few entities utilize 
groundwater for their sources of water in this area. 

Results of this study, completed in 1996, are shown in Table 14-1. 

Valley Municipal Utility District No. 2 Desalination Plant 

The Valley Municipal Utility District No. 2 made a large step in securing its future water supply 
by utilizing brackish water wells. The district, which provides water service to Rancho Viejo and 
River Bend Resorts, completed the valley’s first municipal reverse osmosis treatment plant in 
1999. This 250,000-gallon per day facility provides bottle quality water to its customers while 
preserving their water supply. 

The project was completed utilizing NRS to provide the pilot testing, permitting, design, and 
construction management. By utilizing the construction management procedure, the district 
realized over 30 percent savings over conventional construction procedures. The total project 
costs for construction were $715,000, as compared to the conventional bid price of $940,000. 
Detailed costs are shown in Table 14-2. 

Southmost Regional Water Authority 

The Southmost Regional Water Authority (Authority) is a conservation and reclamation district 
created in 1981 and organized pursuant to Article XVI, Section 59 of the Texas Constitution. Its 
mission is to provide the most cost-effective and reliable alternative water supply to its members. 
The Southmost Regional Water Authority’s operating history began in 2000, when it was 
activated to address long-term regional water supply issues in the southern Cameron County 
region. The project provides for a blended output of 7.5 mgd and is allocated as shown in Table 
14-3. 
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Table 14-1.     Brownsville feasibility study projection of costs (1996 dollars). 

 
 
Demonstration of tangible success 

The key to successful completion of this project was a direct result of communication. The 
following is a list of items that were implemented to complete the project. 

Regional approach—A regional approach brings difficulties in coordination between political 
bodies. The only negative aspect to this approach is the feeling of losing control of the entity’s 
destiny. This happened to the Laguna Madre Water District, an original project participant. They 
opted out of participation in the final project. For the most part, if a feeling of cooperation can be 
maintained through Authority leadership, the regional process has great advantages to all 
members, including capital and operation cost benefit economies of scale. Leadership of the 
Authority was instrumental through two chairmen, Robert H. Lackner and Billy R. Bradford, Jr.  
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Table 14-2. Valley Municipal Utility District construction costs (1999 dollars). 

 

 

 

 

 

 

Table 14-3. Southmost Regioanl Water Authority water allocation. 

Allocation of water sales (Based on 2001 annual water sales) 
Available capacity from Authority 7.5 mgd 
   
Entity Water Sales Percent 

Water supply, 
mgd 

Brownsville Public Utilities Board  5,869,000,000 92.91% 6.9681 
Valley MUD No. 2  158,545,873  2.51% 0.1882 
City of Los Fresnos  143,981,700  2.28% 0.1709 
Brownsville Navigation District  132,536,000  2.10% 0.1574 
Town of Indian Lake  12,935,000  0.20% 0.0154 

Mr. Lackner pushed for the planning and construction of the facility, and Mr. Bradford lead 
through the construction and start-up of the facility. 

Construction management—Construction management of the design and construction of the 
plant has great advantages for control and cost savings of the facility. It is expected that over 
$4,000,000 was saved with this approach. Drawbacks include additional coordination efforts and 
potential for “finger pointing” of any problems. Proper contract by construction discipline (such 
as civil, mechanical, electrical, etc.) and communications minimized these potential difficulties. 
For time management, change orders were issued to contractors on site to accomplish additional 
work. Actual bidding of every aspect would not have accomplished the time and cost goals of the 
project. Typically with this process change, orders are not for errors or omissions but for 
additional work required to finalize the project. 

Weekly planning, design, and operation meetings—The single most important aspect to the 
success of this project was a result of communications from the beginning of the project 
development. The owner’s representatives were involved in planning, design, construction, and 
operations of the plant. This provided for valuable input and pride of ownership of the team. 

Timeline—An aggressive timeline was established early in the project. At the time of design, 
there was a desire to have treated water within 18 months. Major portions of the project design 
and bidding were completed in the summer of 2002. Funding was not in place until December 

Building  $64,039 
Reverse Osmosis System, 
Chlorination, Electrical and 
Instrumentation 

$450,000 

Offsite Utilities $89,800 
Well/Pumps $100,498 
Site Work $9,987 
Total $714,324 
Plant Capacity, gallons 250,000 
Value of Water Rights Saved @ 
$1,500/acre-feet 

$409,500 
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2002. Contracts initiation could not be issued until January 2003. Additional delays for property 
acquisition delayed the well field completion and subsequent projects. Heavier than normal 
spring and summer rains helped to delay some of the well completions. In spite of external 
difficulties, initial project start-up was approximately 14 months after initiating construction. 
Final start-up and operation took an additional six months. Realistic timelines should be 
communicated with the owner to eliminate unrealistic expectations and disappointments. 

Project layout—The plant site is situated on a 17-acre site, suitable for multiple cost effective 
expansions. A smaller site plan could be used if conventional methods of construction were used. 
Facilities were laid out to allow construction room for multiple contracts. Inside the plant 
building, additional room for expansion and maneuverability were keys to the current and future 
ease of operation.  

State permitting—Permitting through the Texas Commission on Environmental Quality took 
about eighteen months. Delays were due to the inexperience of the Texas Commission on 
Environmental Quality in reviewing permits of this type. Continuous communication and 
education helped to move the process along. Objections to the permit by non-affected parties 
added several months to the process. The permitting process is the longest lead-time item to 
consider. Another issue is that this is considered an industrial wastewater discharge and all that it 
implies. Work should take place to properly classify this as a water treatment by-product. 
Permitting steps should be one of the first things to start in the planning process. 

Land and rights of way—Land acquisition can be both expensive and time intensive. Once the 
word gets out of a public entity in pursuit of property, cost escalates. Negotiations were 
completed for this project successfully, but took substantial time. This, along with the permitting 
process, should proceed as soon as possible. Options should be pursued in case well testing does 
not prove suitable sites. 

Partial start-up—Due to large lines sized for full start-up and future supplies, low velocities on 
partial start up create certain opportunities not present under full operations. There do not seem 
to be many ways around this problem if partial supply is needed. Perhaps better timing of 
bringing all facilities on line simultaneously could be a goal, but for the most part this would 
have to be an ideal situation, considering multiple contractors each having their own construction 
issues. 

Construction meetings—Even though there were 15 construction contracts, monthly meetings 
were held to discuss accomplishments, schedules, and issues related to construction. The project 
provided for an on-site professional engineer, three project representatives, a part time 
technician, and graduate engineers. This procedure of monthly meetings should be implemented 
for all projects of this type. 

Local permitting—Overlooked as a requirement, the local ordinance required that the Authority 
apply for an industrial waste discharge permit to dispose of the backwash cleaning solution to the 
Brownsville Public Utility Board’s wastewater treatment facilities. This minor amount of water, 
meeting all quality requirements, was subject to an application process that rivaled that of the 
state’s concentrate disposal application. Developers of future projects should be aware of local 
permitting conditions, even though they are the beneficiaries. 
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Goals—At the onset of a project of this type and magnitude, set realistic goals for completion 
with proper projections of costs. This project set high goals to complete in 14 months but certain 
delays should be expected. These include funding, rights of way, permitting, weather, and 
construction difficulties. Six to 12 months should be allowed for start-up and the development of 
operational standards, especially if this is the first facility of this type for an organization. 

Conclusions—The project is a huge success. This does not mean there is no room for 
improvements on issues that arise. Accomplished was a regional desalination plant that provides 
each entity with over 40 percent of their current water supply, supplementing the water from the 
Rio Grande. This is done to diversify resources for dependability. The newfound source of water 
is of highest quality and is provided at costs comparable to those of conventional surface water 
treatment. Oversized facilities will provide cost effective expansions in the future. 

North Alamo Water Supply Corporation—La Sara Project 

The North Alamo Water Supply Corporation provides water service to rural areas in Hidalgo, 
Willacy, and Cameron counties. The La Sara project, planned in 2003 to replace the original 
surface water plant nearby, was completed in 2004. This 1.0 mgd (blended 1.25 mgd) facility 
services the northeast portion of Willacy County, including La Sara, Port Mansfield, and San 
Perlita. 

Construction of this facility was completed using multiple contracts and managed by NRS. In-
kind services provided by North Alamo Water Supply Corporation aided in making this project 
highly cost effective, especially considering its size. Existing ground storage and pumping 
facilities were utilized, reducing the cost of this facility. Total construction cost was less than 
$2.2 million and is described further in Table 14-4. 

By utilizing brackish groundwater, the North Alamo Water Supply Corporation realized a 
surface water savings of over 1,120 acre-feet. Current value of surface water rights is $2,000 per 
acre-foot. The value to North Alamo Water Supply Corporation is over $2.2 million, or an 
amount equal to the project cost of the facility. 

North Cameron Regional Water Project 

The entities of North Alamo Water Supply Corporation, East Rio Hondo Water Supply 
Corporation, and the City of Primera teamed together to plan and construct a regional shared 
brackish groundwater treatment plant. The group initiated testing of the groundwater conditions 
for this project in 2003. Results indicated that a good supply of brackish water was available 
from the Gulf Coast aquifer located in Northwest Cameron County, west of the City of Primera. 
The project is currently under construction, with projected completion in May 2006. Table 14-5 
further describes the cost of the project. 

The projected final construction cost for this 2.0 mgd (2.5 mgd blended) brackish desalination 
plant is $5.9 million. Unlike the La Sara project, this project is not located near existing ground 
storage and pumping facilities or offsite distribution. These are included in the project cost. Upon 
completion, this project will save the regional participants over 2,800 acre-feet of water rights  
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Table 14-4. La Sara Project costs. 

North Alamo Water Supply Corporation 
Reverse osmosis process (two trains of 0.5 mgd each) 

Description Contractor Cost 
Land purchase NAWSC $50,000 
Test wells  J&S Water Wells $40,000 
R.O. building and concrete containment Haraway Cont. $169,393 
R.O. system AES $957,148 
Electrical Metro Electric $340,443 
SCADA Trac & Trol $5,000 
Well development J&S Water Wells $377,063 
Fencing Kanaf $7,000 
Site work NAWSC $5,000 
Paving  $18,500 
Concentrate line (415 L.F. @ $15/L.F.) NAWSC $6,225 
Well line (146 L.F. @ $15/L.F.) NAWSC $2,190 
Ditch crossing casing and installation NAWSC $5,000 
Ditch crossing piling Oden Contractors $9,500 
Product water line to ground storage (200 L.F. @ 
$15/L.F.) 

NAWSC $3,000 

Subtotal Project Construction  $1,995,462 
   
Engineering/Const Mgmt   
Preliminary engineering/permitting/pilot testing  $26,500 
Laboratory testing  $5,000 
Design engineering  $82,500 
Construction management  $75,000 
Start up/training  $8,250 
Subtotal Engineering/Const Mgmt  $197,250 
   
Total Project Costs  $2,192,712 

 
annually at a capital value of $5.6 million. Each participant is contracted for an equal share of the 
output of the plant. 

North Alamo Water Supply Corporation/Edinburg 

North Alamo Water Supply Corporation has two surface water treatment plants, located 
northeast and southeast of Edinburg, and provides wholesale treated water to the City of 
Edinburg. Currently under design with projections for construction in Spring 2006 are two 3.0 
mgd (3.5 mgd blended) brackish desalination plants located at each of these existing surface 
water plants. Test wells were drilled in the Gulf Coast aquifer to confirm the supply source of 
brackish water. Total projected cost for each plant is $5.9, million for a total of $11.8 million for 
7.0 mgd blended capacity. This yields 7,840 acre-feet of surface water rights savings at capital 
value of over $15.6 million. 
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Table 14-5. North Cameron Regional Water Project costs. 

North Cameron Regional Water Project 
Reverse osmosis process ( 2 mgd) 

Description Contractor Cost
R.O. building/concentrate line/offsite Rio Valley $644,900
R.O. system AES $1,783,651
Well drilling/pumps J&S $375,000
Ground storage (2 MG) NATGUN $950,000
Fencing Kanaf $45,000
High service/chlorination building Peacock $255,000
Secondary containment/pipe, valves, pumps  
   installation Rhiner $320,882

PVC piping/valves/accessories/pumps 
Nat'l 
Waterworks $288,576

Fiberglass piping/wetwell 
Nat'l 
Waterworks $89,954

Electrical SCI $841,722
Generator Unknown $50,000
SCADA SCI $191,000
Chlorination Moody Bros. $60,000
Paving Rhiner $25,000
Grading Rhiner $20,000

Subtotal Project Construction  $5,940,685
Contingencies 0% $0

Total Project Construction  $5,940,685
  

Land purchase NAWSC $100,000
Test wells  J&S/NAWSC $40,000
Test wells evaluation Raba/ERHWSC $30,000
   

Engineering/Const Mgmt   
Preliminary groundwater evaluation NRS/NAWSC $15,000
Total engineering costs NRS $664,150
Legal  $20,000
Laboratory testing  $20,000

Total Engineering/Const Mgmt  $719,150
   
Total Project Costs  $6,829,835

 
Other Planning Efforts 

Through the regional planning process and notoriety of the on-going brackish desalination 
efforts, many entities have included brackish desalination as one of the strategies to meet future 
demands and reduce their dependencies on the Rio Grande. Notable projects include a 2.0 mgd 
(2.5 mgd blended) Willacy County Regional Project to provide water to all entities located in 
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Willacy County. Discussions have taken place for desalination possibilities with the City of 
McAllen also. If an entity has a choice between a surface water supply and brackish groundwater 
supply, it behooves them to evaluate the alternatives. 

Cost Factors in Desalination 

Total Dissolved Solids 

The degree of TDS is a good general indication of what it will cost to remove TDS to meet 
drinking water standards. The higher the TDS, the higher capital, operation, and maintenance 
costs. For example, a 3,000-TDS feed water could yield 80 percent (8 out of 10 gallons supplied) 
where as a seawater plant at 35,000 TDS feed water would only yield around 45 percent, thus 
increasing the size of the units. Pressures to remove the lower TDS level is only 180 psi, 
compared to upwards of 900 psi for the seawater, an obvious increase in power costs. 

Power Costs 

Power cost account for around 40 percent of the operational costs of a facility. Work is being 
implemented to recover excess pressures during the process. Investigation into off-peak power 
contracts would be helpful in controlling the ultimate cost of the facility. 

Location 

Not all locations will be of equal cost. One of the major factors is the ability to discharge the 
concentrate generated at the plant. Coastal communities have a great advantage over inland 
communities. The location of the facility near the well field and distribution system will also 
enhance the attractiveness of this alternative. 

Economies of Scale 

If entities can work together to construct regional facilities, they can reap the rewards of lower 
unit cost for construction and lower operational costs by building less facilities with less 
manpower. 

Construction Method 

Construction management of multiple contracts in South Texas has resulted in as much as 30 
percent savings over convention construction methods. General construction contracts will 
normally be higher, due to the lack of local experience in this field. 
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Water Treatment Trends 
Based on our experience, there has been a downward trend in costs to construct brackish and 
seawater desalination plants, due to technology advances in the industry over the years. 
Conversely, with increasing regulations in drinking water standards, the cost to treat surface 
waters has been increasing. The degree of contaminant removal through RO compared to 
conventional filtration is much greater with RO. Consideration should be given to these 
alternative methods when evaluating additional treatment capacity needs. 

Replicating Success 
The success of an initial concept or project is the ability of the project build to support and 
provide for a model for subsequent projects that continue to improve. The concept of brackish 
desalination started conceptually in the mid-1990s. Over the last 5 years, projects have been 
designed and/or implemented to provide over 17 mgd of additional high quality treated water, or 
over 19,000 acre-feet of additional water supply. This equates to a water rights cost savings of 
over $47 million. Educating the public on the cost effectiveness is a key to further the 
completion of similar facilities. 

Innovation 
The use of brackish groundwater is innovative in South Texas, as it is using a water supply that 
was once deemed useless and quite uncommon in Texas, even though Florida has been treating 
water this way for many years. State-of-the-art technology is used to treat and monitor project 
components. 

The implementations of the projects have been innovative, beginning with the Valley Municipal 
Utility District project. The use of multiple projects by construction discipline has been used 
successfully on all projects completed in South Texas. In these cases, the engineer acts somewhat 
as a general contractor, but bids as many as 20 contracts per project and controls the coordination 
between contractors without the markup normally placed on the purchase of equipment and 
subcontractors. Because of the nature of the construction, there are very few local or state 
contractors familiar with the construction of these types of facilities. This method has yielded 
savings upward of 30 percent over conventional methods of construction. Owners should 
understand that the savings gained increases the shared responsibility of project success between 
the owner and the engineer. 

All projects have been implemented with one or more partners, thus creating an economy of 
scale and saving additional construction and operation dollars for each participant. 

Water Supply 
Only recently has there been substantial well testing and monitoring in South Texas. With the 
implementation of several projects, we will be able to better monitor and define aquifer 
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characteristics. This is important in determining the ultimate yield of the aquifer. Most wells 
were drilled in the 1950s, during a major drought, but have not been used due to their brackish 
nature. Brackish groundwater cannot be used for irrigation, so demand would be only for 
municipal use. 

Issues to be Addressed 
We need to continue working in several areas to improve the success of brackish desalination. 
The growing concern of concentrate disposal is primary on the list and more important to inland 
communities without the ability to discharge into a salt water body along the coastal areas. 

Because power accounts for 30 to 50 percent of operational costs, technology advances in power 
savings through energy recovery, fuel cell development, and renewable sources should be 
pursued. 

Conclusions 
We must realize that all sources of water are limited and we must use them wisely and 
efficiently. Seawater provides the most unlimited source of water but most often carries the 
highest cost to implement. Brackish water has shown to be a viable alternative to the limited 
surface water supplies in South Texas. From the initial feasibility studies starting in 1995 to the 
largest brackish groundwater facility in Texas to date, this is a growing industry and is expected 
to grow into many areas of the state to account for increasing demands and decreasing supplies. 

The use of brackish desalination is not for everyone and will not take the place of surface water. 
What it will be is an opportunity for entities to provide a reliable water alternative and diversify 
the supplies while improving water quality in the process. 
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Chapter 15 

Effects of Oil and Gas Production on 
Groundwater  

John James Tintera, P.G.1 and Leslie Savage, P.G.1 

Introduction 
The Railroad Commission of Texas (RRC) has the statutory authority and duty to regulate a wide 
range of oil and gas operations for the purpose of conserving resources, protecting correlative 
rights, and protecting the state’s water resources. 

Section 91.101 of the Texas Natural Resources Code provides the RRC with jurisdiction over the 
full scope of oil and gas exploration, development, and production operations and activities, 
including the drilling of wells associated with oil and gas activities, gas plants, natural gas or 
natural gas liquids processing plants, pressure maintenance plants, underground hydrocarbon 
storage facilities, and activities associated with the storage, handling, reclamation, gathering, 
transportation, or distribution of oil or gas. In addition, under Section 26.131 of the Texas Water 
Code, the RRC is solely responsible for the control and disposition of waste and the abatement 
and prevention of pollution of surface and subsurface water resulting from oil and gas activities. 

To meet its statutory responsibilities, the RRC has adopted regulations to prevent contamination 
of surface water and groundwater from oilfield activities and has established programs to abate 
such contamination when it does occur. 

Regulatory History 
Texas has been producing oil for more than 100 years and has had regulations applicable to 
oilfield pollution prevention since 1899.i Such regulations include requirements and standards 
for well construction, integrity testing, and plugging, as well as pollution prevention, spill 
response, and oil and gas waste management. The RRC’s pollution regulations have evolved 
significantly since those early days, even before the elevation of our national environmental 
conscience, which some say began with the 1962 publication of Rachel Carson’s Silent Spring. 

For example, Texas once allowed disposal of produced water in earthen evaporation pits and 
surface waters. The State recognized this as a potential problem back in the 1950s, and the RRC 
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began prohibiting such pits and discharges on an area-wide basis starting in 1955.ii In 1969, the 
RRC prohibited such pits and discharges statewide.iii 

Another example of the RRC’s evolving environmental regulations is the history of the RRC’s 
well plugging requirements and programs. Although legislation was passed in 1899 concerning 
the plugging of oil and gas wells, the Texas Legislature gave no agency specific responsibility 
for enforcing the plugging of inactive oil and gas wells until 1919, when it authorized the RRC to 
enforce the laws.iv Since 1919, the RRC has had rules on plugging abandoned wells to confine 
oil, gas, and associated saltwater to the strata in which they originated. The drought of the 1950s 
focused Texas’ attention on the need to better protect clean water. In 1957, with more knowledge 
of the nature of subsurface water, standards for plugging were revised to ensure greater 
protection of groundwater.v 

Today, the RRC has even greater control of the proper plugging of abandoned wells and waste 
management practices through enhanced inspection and enforcement mechanisms and personnel, 
an ability to administer administrative penalties of up to $10,000 per day per violation, a greater 
ability to track the status of wells and other operations through computer databases, and financial 
security requirements for operators.vi 

Additional RRC programs serve to ensure protection of groundwater. In 1982, the U.S. 
Environmental Protection Agency (EPA) delegated to the RRC the Underground Injection 
Control program under the federal Safe Drinking Water Act for that portion of activities under 
the RRC’s jurisdiction. Currently, there are approximately 49,911 Class II permitted and active 
injection and disposal wells, 359 active hydrocarbon storage wells, and 84 Class III active brine 
mining wells in Texas. The RRC tracks injection pressures and volumes for each of these wells 
annually. The RRC also receives and reviews approximately 17,000 mechanical integrity 
pressure tests annually from oilfield operators. 

In 1984, the RRC further strengthened its environmental regulations by adopting major 
amendments to its regulations concerning pit and surface waste management standards (Rule 8), 
including standards for short-term pits such as drilling pits and completion/workover pits.vii The 
rule authorizes some short-term, relatively low risk waste management practices and requires 
permits for other waste management practices. The rule prohibits a person conducting activities 
subject to RRC regulation from causing or allowing pollution of surface or subsurface water in 
the state. 

The RRC has an extensive monitoring and enforcement program, which acts to detect and 
correct problems in the field. The RRC’s Field Operations section is responsible for ensuring 
statewide compliance by oil and gas operators of the regulations of the RRC. The state is divided 
into nine districts, with an office located in a key city in each district. The RRC’s district 
personnel are the first responders to spills, blowouts, fires, sour gas releases, and other oilfield-
related emergency operations. Approximately 88 field inspectors and lead technicians are 
responsible for a total of 358,746 wells. Field Operations performs inspections based on a 
priority system that places an emphasis on jobs and activities that pose the greatest risk to public 
safety or the environment. In fiscal year 2005, Field Operations performed over 115,000 jobs 
consisting of inspections and/or monitoring of oilfield activities. 
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Oil Field Cleanup Program Review 
However, as in any industrial activity, equipment can fail and employees may err, and 
groundwater pollution may result. Under the Oil Field Cleanup Program, the RRC has 
established multiple pollution abatement programs that complement each other. These programs 
include a Well Plugging Program to plug abandoned wells, a State Managed Cleanup Program to 
assess and clean up abandoned oil and gas sites, an Operator Cleanup Program to oversee 
responsible operator cleanup, and a Voluntary Cleanup Program designed to encourage 
developers, landowners, or other innocent parties to identify and clean up oilfield pollution. 
Details about these programs are available on the RRC web site at http://www.rrc.state.tx.us/. 
The programs are funded through a variety of mechanisms, including operator filing fees, 
regulatory fees on oil and gas production, penalties, and collections on financial security 
instruments.viii In addition, the RRC has leveraged these funds with millions of dollars of other 
state and federal grant funds. 

Funding 
In 1965, the Texas Legislature created a Well Plugging Fund to assist in the plugging of a 
polluting well for which no operator could be found; however, biennial appropriations were 
required, and appropriated funds were less than what was needed to fully address the problem.ix 
In 1983, the Legislature provided the RRC with administrative penalty authority and application 
fees to fund the Well Plugging Fund as well as an increased budget for additional legal, 
administrative, and field staffing.x The RRC also imposed plugging deadlines and financial 
security requirements on oil and gas operators. 

In 1991, the Legislature replaced the Well Plugging Fund with an expanded Oil Field Cleanup 
Fund to plug abandoned wells as well as to clean up pits and other sites associated with oil and 
gas operations. This fund, the legislation for which was supported by the Texas oil and gas 
industry, is supported by fees, penalties, and other payments collected from the oil and gas 
industry.xi The RRC leverages this fund with various state and federal grants. Since the RRC 
implemented the Well Plugging Program in 1984, the RRC has plugged over 24,000 abandoned 
wells. Since the initiation of the Oil Field Cleanup Program in 1992, the RRC has completed 
over 3,000 clean up activities at abandoned sites with state-managed funds. The abandoned wells 
to be plugged and sites to be cleaned up are prioritized based on the risk to public safety or the 
environment. 

Pollution Cleanup 
RRC regulations require that responsible operators clean up pollution caused by oil and gas 
activities. The RRC considers groundwater pollution cleanup requirements on a site specific, 
case-by-case basis. The RRC allows the responsible operator to select the remediation technique 
as long as clean up is effective and timely. Currently-accepted federal or state remediation 
protocols are applicable, and acceptable cleanup standards are consistent with federal and state 
drinking water standards unless aquifer characteristics and land use controls allow for alternate 
cleanup levels. 
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Pollution Sources 
A variety of oilfield materials can impact groundwater. These include produced saltwater, 
drilling fluids, and associated wastes such as well treatment chemicals, crude oil, and 
hydrocarbon condensate. Produced water constitutes about 98 percent of all oil and gas waste; 
however, in Texas over 99 percent of all produced water is injected in wells regulated under the 
RRC’s Underground Injection Control program. Drilling fluids and associated oil and gas wastes 
make up about 1.6 percent and 0.4 percent by volume of oil and gas waste, respectively.xii 

Groundwater quality has been impacted by past practices (now prohibited), accidental spills, 
pipeline leaks, blowouts, and situations that are noncompliant with current RRC regulations. 
Contaminants released as a result of these situations can include dissolved salts from produced 
water; barium from drilling fluids; hydrocarbons from crude oil and natural gas condensate, as 
well as other heavy metals; and refined hydrocarbons and chemicals from well treatment fluids. 

Interagency Cooperation 
The RRC is one of ten members of the Texas Groundwater Protection Committee (TGPC), 
which was established in 1989 by the Texas Water Code, Chapter 26, Subchapter J, relating to 
Groundwater Protection.xiii The purpose of the TGPC is to coordinate groundwater protection 
activities across Texas. TGPC duties include publishing an annual groundwater monitoring and 
contamination report, updating the state groundwater protection strategy, and reporting to the 
Texas Legislature on groundwater protection activities and recommendations for groundwater 
legislation. The TGPC’s annual report for 2004, entitled “Joint Groundwater Monitoring and 
Contamination Report for 2004,” lists a total of 6,746 active documented groundwater 
contamination cases from all sources. Of those 6,746 cases, 241, or approximately 3.6 percent of 
all active, documented cases, were related to oilfield activities. Over 230 cases in which the 
probable source of contamination was related to oilfield activities have been closed since the 
RRC began reporting such cases in 1989. 

It is interesting to note that of the closed documented groundwater contamination cases related to 
oilfield activities under the RRC’s jurisdiction, the contaminant was salt and/or hydrocarbons in 
222, or approximately 97 percent, of the cases. The remaining eight cases included other 
contaminants, such as metals (barium, mercury, and chromium), hydrochloric acid (HCl), glycol, 
polychlorinated biphenyls (PCBs), and sulfates. 

Conclusion 
There has been oil and gas activity in Texas since 1866, when Lynis T. Barrett drilled the first 
producing Texas well in Nacogdoches County.xiv From the beginning, the RRC has exercised its 
statutory authority to enact regulations to protect surface and subsurface water and has 
vigorously enforced those regulations to ensure compliance. In the last few years, the RRC has 
broadened and enhanced its ability to prevent pollution through strengthening its regulations and 
enforcement and to abate pollution of groundwater with numerous complementary programs that 
are funded by the oil and gas industry. As oil and gas exploration and development 
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methodologies become more sophisticated, so too does the concomitant need for environmental 
protection, assuring that, as new plays and higher prices drive additional oilfield development, 
groundwater and other resources of Texas are preserved and protected. 
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Chapter 16 

History of Production and Potential Future 
Production of the Gulf Coast Aquifer 

W. John Seifert, Jr., P.E.1, and Christopher Drabek, P.G. 1 

Introduction 
The Gulf Coast aquifer system is an expansive aquifer providing water to approximately 50 
Texas counties. Groundwater use from the system ranks second in the state behind the Ogallala 
aquifer of the Texas High Plains. Groundwater development began initially with the construction 
of shallow wells and increased with the development of deeper well drilling equipment and the 
vertical turbine pump. The aquifer has been an important source of water for centuries and will 
continue to be an important source of water for various uses. It is estimated that overall Gulf 
Coast aquifer pumping was about 1.2 million acre-feet in 1985 and about 1.05 million acre-feet 
in 2000 with a decrease in pumping attributable to lower usage for industrial and irrigation in the 
Gulf Coast region. 

In the future, utilization of groundwater from the aquifer system will include development of 
fresh water and also the development of brackish water that will be treated to provide a product 
acceptable for municipal, industrial, and other uses. 

History of Groundwater Development 
The Gulf Coast aquifer system, composed of the Chicot, Evangeline, and Jasper aquifers, 
encompasses an area from the Rio Grande in the south to the Sabine River to the east and also 
extends to the south and east outside the borders of Texas. An illustration showing counties that 
can obtain groundwater from the Gulf Coast aquifer system is provided as Figure 16-1. The 
illustration further is shaded to show counties in the southern part of the state where groundwater 
is an important resource for municipal, industrial, and irrigation uses, but where the quantity of 
water available is lower than in other areas further to the northeast. The central counties are 
principally an area where the primary use of groundwater is for irrigation. In the northern 
counties, groundwater is used principally for municipal purposes followed by industrial and 
irrigation uses. 
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Figure 16-1. Counties that obtain water from the Gulf Coast aquifer. 

An illustration of groundwater development for the period 1985 through 2000 is given on Figure 
16-2. The illustration shows that groundwater use in 1985 was about 1.2 million acre-feet with 
about 749,000 acre-feet of that total, or 62 percent, occurring in the northern counties. 

Groundwater use decreased slightly through the two decades and by 2000 the water use 
inventory by the TWDB showed an overall usage of 1,048,347 acre-feet, with about 70 percent  
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Figure 16-2. Groundwater pumpage by area from the Texas Gulf Coast aquifer for 1985 to 2000. 

of that total usage occurring in the northern counties. The decrease in usage is attributable to a 
reduction in the quantity of water pumped for irrigation and industrial uses. 

Pumpage in the southern counties ranged from about 41,000 to 67,000 acre-feet per year between 
1985 and 2000. The development of groundwater in the southern counties is an essential part of 
the municipal supply for many of the cities and towns. Pumpage in Duval, Kleberg, Hidalgo, San 
Patricio, and Jim Wells counties constituted about 64 percent, or 37,890 acre-feet per year, of the 
total pumpage in the southern counties in 2000. The development of brackish groundwater is 
occurring in the Rio Grande Valley to provide water for municipal and industrial uses. 

The groundwater pumpage by use category is shown on Figure 16-3. The data show that the vast 
majority of groundwater is pumped for municipal and irrigation uses, followed by industrial use. 
In 1985, approximately 47 percent of the groundwater pumped from the Gulf Coast aquifer was 
for municipal use and 42 percent was for irrigation. By 1999, approximately 52 percent of the 
groundwater pumped was for municipal use and 37 percent for irrigation. This shows the value 
of groundwater for municipal use and a reduction in irrigation demand due to higher fuel prices 
and lower relative commodity prices. A review of the data for the past 15 years shows that 
pumping for municipal use has fluctuated and increased gradually from 562,922 to 591,088 to 
624,334 acre-feet per year in 1985, 1999, and 2000, respectively. Additional surface water 
supplies being routed to the Houston area probably will result in a reduction in the overall  
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Figure 16-3. Total Gulf Coast aquifer pumpage by use for 1985 to 2000. 

amount of groundwater pumped for municipal needs in that part of the state. A vast majority of 
the overall pumping for irrigation occurs in the central counties of the Gulf Coast aquifer region. 
Within these counties, irrigation constituted approximately 87 and 86 percent of the total 
groundwater pumped in 1985 and 1999, respectively. The groundwater withdrawal for irrigation 
in the central counties in 1985 and 1999 was 344,277 and 312,037 acre-feet per year, 
respectively. The use of groundwater for irrigation in this area is estimated to continue in the 
future as long as commodity prices are sufficient for continued irrigation of crops, principally 
rice, and as long as energy costs are not so high that they preclude the pumping of groundwater. 
Further reductions in groundwater withdrawals in the central counties could allow for the 
pumping of the water for other uses. 

Houston-Galveston Area 
Groundwater use in the area began probably with the arrival of American Indians. As settlers 
came in the 1800s, shallow wells were dug, which provided water for domestic and livestock 
uses. Organized records of groundwater development in terms of pumping amounts began in the 
late 1880s. In 1890, based on records obtained from the U.S. Geological Survey, pumping was 
about 2.5 million gallons per day, or 2,800 acre-feet per year. An illustration of historical 
pumping is included as Figure 16-4 and the Houston-Galveston area is shown on Figure 16-5. As  
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Figure 16-1. Historical groundwater pumpage for the Houston-Galveston area for 1890 to 2004. 

the population of the area increased and industrialization was occurring, groundwater pumping 
reached about 90 million gallons per day, or 100,818 acre-feet per year, by 1930 and was 
somewhat stable through the years of the Great Depression. From 1935 to 1950, overall pumping 
increased dramatically from about 90 million gallons per day, or 100,818 acre-feet per year, to 
300 million gallons per day, or 336,060 acre-feet per year, as industrialization occurred in the 
area bordering Galveston Bay, the population of the area grew dramatically, and irrigation 
increased in the area west of Houston. Large-capacity wells were constructed to obtain the ever-
increasing amount of water. 

In 1953–1954, Lake Houston was constructed and began providing a supply of surface water, 
which resulted in a reduction of the rate of growth of groundwater usage from 1950 to 1960. 
Lake Houston continues to be a major source of water for the Harris-Galveston area. 
Groundwater pumping peaked in the area in 1975 at just over 500 million gallons per day, or 
560,100 acre-feet per year. A pumping rate of one million gallons per day for a year is equivalent 
to about 1,120 acre-feet of pumping per year. The pumping of large quantities of groundwater 
caused significant artesian head declines in the Gulf Coast aquifer that reached about 400 feet in 
the Houston Ship Channel area by 1975. After about 1976, pumping along the Houston Ship 
Channel began to decrease as the result of the introduction of surface water from the Coastal 
Industrial Water Authority. Overall pumping in the Houston-Galveston area decreased 
significantly from 1975 to 1980 and has decreased gradually from 1980 to 2004. By 2004,  
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Figure 16-5. The Houston-Galveston area. 

pumping in the area was about 339 million gallons per day, or 379,747 acre-feet per year. 
Artesian heads have rebounded about 200 to 240 feet in the Evangeline aquifer in the Ship 
Channel area since 1977 as the result of reductions in pumpage in that area and in surrounding 
areas. 

Since the establishment of the Harris-Galveston Subsidence District, groundwater usage has 
decreased in the continuing effort to address land surface subsidence. Surface water usage has 
increased and is planned to continue to increase in the future as the demand for water in Harris, 
Galveston, Fort Bend, and Montgomery counties is estimated to be 1,524 million gallons per day 
(1,707,184 acre-feet per year) and 1,841 million gallons per day (2,062,288 acre-feet per year) 
by 2020 and 2040, respectively, based on the Region H regional water plan completed in 2005. 
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Future Groundwater Development 
Groundwater supplies will continue to provide an important source of water for the Gulf Coast 
area. The aquifer system is capable of supplying large quantities of good quality water and has a 
greater potential for providing water in the area from about Victoria County northeastward 
toward the border with Louisiana. This same aquifer system is a prolific source of water in 
Louisiana. 

In a high population growth area such as the Houston metropolitan region, groundwater will 
continue providing part of the supply with surface water from the Brazos, San Jacinto, and 
Trinity rivers being a larger water source. Development of groundwater resources in this region 
should be accomplished while being mindful of land surface subsidence constraints. The Harris-
Galveston and Fort Bend subsidence districts have been instrumental in developing regulatory 
plans that include limits on the amount of groundwater pumping that can occur. 

To the east of Harris County in Liberty, Hardin, Tyler, Jasper, and Newton counties, the Gulf 
Coast aquifer system is capable of providing large quantities of good quality water. In these 
counties groundwater usage is somewhat limited because of the lower population, availability of 
surface water, and generally small industrial groundwater demand. The City of Beaumont pumps 
groundwater in the south part of Hardin County and a paper mill in Jasper County pumps about 
30,000 to 35,000 acre feet per year to supplement a supply of surface water for its paper 
production operations. Additional supplies of groundwater could be developed in the five 
counties (see Figure 16-6) if needed for local use or for transport to an area with a water need. 
Whether this will occur is not known, but the water resource would be a replenishable supply 
with abundant precipitation in the area serving as a source of recharge to the aquifer system. 

Potential Groundwater Development Projects 

There have been a few projects proposed that would involve development of groundwater from 
the Gulf Coast aquifer for use in other areas of the state or for use during times of limited surface 
water availability. Two projects in this category include the Lower Guadalupe Water Supply 
Project and the Lower Colorado River Authority-San Antonio Water System Water Project. 

Lower Guadalupe Water Supply Project 

This project was proposed in 2002 and included the conjunctive use of surface water and 
groundwater with the surface water coming from the Guadalupe River and the groundwater 
potentially coming from well fields in Refugio, Goliad, and Victoria counties. Objectives of the 
project were to develop groundwater from deeper depths of the Evangeline aquifer of the Gulf 
Coast aquifer system. The project would comply with the requirements of groundwater 
conservation district rules regarding well permitting, pumping, and the monitoring of the aquifer 
response to pumping. Within the last few months, the groundwater component of the project was 
removed. Prior to its removal, the project included the development of an average of about 
14,000 acre-feet per year of groundwater to supplement surface water. There would be years 
when groundwater would be pumped at higher rates and years when groundwater would be 
pumped at lower rates to help firm up the overall yield of the project of about 80,000 to 90,000 
acre-feet per year. The water was destined for use in the Bexar County area and potentially at  
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Figure 16-6. Potential groundwater development areas. 

other locations between the southeast part of Refugio County and Bexar County. The project was 
a joint effort of the San Antonio Water System, the San Antonio River Authority, and the 
Guadalupe-Blanco River Authority. 

Lower Colorado River Authority-San Antonio Water System Water Project 

Another groundwater development project that would conjunctively use groundwater and surface 
water is the Lower Colorado River Authority-San Antonio Water System Water Project. 
Objectives of the project are to provide additional water to the San Antonio area and to the lower 
part of the Colorado River basin during drought periods. The project components include the off 
channel storage of surface water and additional conservation of irrigation water. The project also 
includes the development of groundwater from the Gulf Coast aquifer, potentially in Matagorda 
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and Wharton counties (Figure 16-6) to supply local irrigation needs during drought years so that 
surface water from the Colorado River can be used upstream. Potentially about 62,000 acre-feet 
of groundwater could be pumped during drought years for local irrigation needs. Studies are 
currently being performed regarding the project and, if results are favorable, water from the 
project could be delivered by the next decade. 

Potential Brackish Groundwater Development 

In addition to providing large quantities of good quality water, the Gulf Coast aquifer system 
also contains a substantial quantity of brackish groundwater. For this paper, brackish 
groundwater is defined as water containing more than 1,000 milligrams per liter total dissolved 
solids and less than 10,000 milligrams per liter of total dissolved solids. Areas that have been 
outlined as containing brackish groundwater are shown on Figure 16-7. In general, the aquifer 
system contains groundwater of good quality from its outcrop area to within 10 to 30 miles of the 
coast. In the area south of Victoria County brackish groundwater extends further inland from the 
coast than in the area northeast of Victoria County. Some of the same sands that contain good 
quality water away from the coast contain brackish water closer to the coast. 

There is the potential to develop supplies of brackish groundwater and, through a total dissolved 
solids reduction process, normally reverse osmosis, improve the quality of the water so that it 
can be used for public supply, industrial, and other uses. Issues to address with this type of 
development include the cost of developing and treating the water and then transporting it from 
areas of supply to areas of use. Other issues include maintaining a reasonably stable quality of 
brackish water through the duration of a project, disposal of the concentrate that is a product of 
the reverse osmosis treatment, and potential land surface subsidence. These issues can be 
addressed, and the cost of addressing them affects the viability of a project. 

Supplies of brackish water are being successfully developed in the Rio Grande Valley in 
Cameron County for the Southmost Regional Water Authority with facilities that provide about 
7.5 million gallons per day, or 8,401 acre-feet per year, of desalinated water. Another 
desalination project was developed by the North Cameron Regional Water Authority to treat 
brackish groundwater and provide a supply of about 2 million gallons per day, or 2,240 acre-feet 
per year. These projects are examples of developing the important brackish groundwater 
resources that exist in the Gulf Coast aquifer system. The potential exists to develop larger 
desalination projects in areas along the coast and this will occur in the coming decades. 

Conclusions 
The Gulf Coast aquifer system is an important source of water for the Gulf Coast region. The 
unconsolidated sediments provide a structure and medium for drilling small and large-capacity 
production wells that provide water for a range of uses. The aquifer system helps sustain the 
economic viability of the Gulf Coast region and provides the largest supplies of good quality 
groundwater in the area northeast of Victoria County where the aquifer system is composed of 
greater thicknesses of sand containing water with low levels of total dissolved solids. The aquifer 
system is an important source of water in the area south of Victoria County where it is still  
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Figure 16-7. Brackish groundwater areas. 

capable of providing significant quantities of groundwater ranging in quality from fresh to 
brackish. Total pumping from the aquifer system was about 1,046,000 acre-feet in 2000. 

In the future the aquifer system will continue providing large quantities of groundwater with the 
three main use categories being irrigation, public supply and industry. There is the potential that 
groundwater will be developed from the aquifer for use in other areas of the state or for transport 
from one part of the Gulf Coast to another. Undeveloped Gulf Coast aquifer resources occur in 
the east Texas area where abundant precipitation provides replenishment to the aquifer. The Gulf 
Coast aquifer can also provide large quantities of brackish water that can be treated to provide 
additional supplies for public supply, industry, and other uses. The desalination of brackish 
groundwater is occurring in the Rio Grande Valley and providing an additional water source to 
an area with an increasing water demand that relies heavily on surface water from the Rio 
Grande River. 
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Chapter 17 

The Challenge of Managing Groundwater 
in the Gulf Coast Aquifer: Recognizing and 

Incorporating Divergent Value Systems 
Regarding Groundwater as a Resource  

James A. Dodson1 

Introduction 
People need water. A simple statement of fact, but also a good starting point for exploring how 
water management, particularly the management of groundwater in the Gulf Coast aquifer, is 
subject to the influence of personal preferences about how water should be allocated to meet 
these needs—preferences which are revealed in individual perspectives, or value systems, 
regarding groundwater as a resource. Effective groundwater management depends, in part, on 
understanding and accommodating the many, often divergent, value systems exhibited by those 
elected officials, citizens, landowners, and other stakeholders involved in the process, while still 
adhering to principles of sound science and state law. 

This paper explores the factors involved in the development of individual value systems 
regarding groundwater resources, how these values are sometimes expressed, and the effect they 
have on the decentralized process of groundwater management in the Gulf Coast aquifer of 
Texas. It suggests a few elements of what could be a new framework for groundwater resource 
management that is designed to better enable the State to protect the resource base, promote 
people’s rights and interests in the use of the resource, and achieve statewide goals regarding 
water policy. 

The content of this paper is based on the author’s experiences during a decade and a half of 
professional activity spent developing regional solutions to water resource management 
challenges in the South Texas area. While the author’s early role in this water management arena 
took place in the public sector, dealing primarily with surface water issues, later experiences 
have been in the private sector, working with landowners to develop public-private partnerships 
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that facilitate a conjunctive management approach to the more effective use of water resources. 
The observations and opinions contained in this paper are solely those of the author. 

The Use Value of Water 
The human use of water ranges from the essential to the optional. Water is required to support 
life-sustaining biological functions, and it is used in a myriad of human endeavors that benefit 
the health and well being of individuals, economies, and societies. Some uses of water are more, 
as parents might point out to their children, in the nature of wants, rather than basic needs—but 
many of these less essential uses of water contribute to a quality of life that is important to the 
users. 

Individuals inherently assign some relative value to each of these uses. These personal ideas 
about the role water plays in our lives, the relative value it has in various uses, who “owns” it, 
and the way it should be allocated among competing uses, may or may not reflect the more 
objectively derived management principles that have been used in traditional resource 
management. This is particularly evident when the decision-making process regarding 
groundwater management has been delegated to the local level, where stakeholders and voters, 
through their elected officials, can more directly express their views and preferences stemming 
from these personal value systems. 

Where there has been little opportunity for those involved in this new, de-centralized 
groundwater management process to become well-versed with the legal and technical aspects of 
groundwater management, the value systems that seem to operate most often are those based on 
an individual’s subjective experience (opinions and feelings) regarding their own access to their 
preferred uses of water, rather than objective scientific, economic and policy analysis. 

Based on observation, it appears that in many cases, fear is the underlying emotion shaping 
personal value systems regarding water resources—fear based on past experiences. Many people 
in Texas still recall the hardships experienced during the “Great Drought” of the 1950s. In the 
introduction to “The Time It Never Rained,” a novel about a family in West Texas during the 
drought of the 1950’s, writer Elmer Kelton keenly observed about Texans that: 

“Each new generation tends to forget—until it confronts the sobering reality—that 
dryness has always been the normal condition in the western half of the state. Wet years 
have been the exceptions” (Kelton, 1984). 

This realization, and the fear that it invokes, burns deep into the psyche of Texans who still 
depend on water supplies that are subject to the effects of this natural drought cycle. Although 
droughts affect surface water sources more immediately and directly, some aquifer systems are 
still vulnerable to long periods of diminished recharge and/or excessive use during droughts. 

While this fear may lead to greater stakeholder involvement in the groundwater management 
process, it can also result in an emotionally charged atmosphere that is not particularly conducive 
to either building consensus on appropriate groundwater management policies or protecting the 
rights of stakeholders with legitimate, but minority, viewpoints. The challenge is to find ways to 
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appropriately address the subjective—even emotional—content of the value systems being 
expressed and to incorporate those values into an equitable, inclusive, legally defensible, and 
scientifically sound framework for effective groundwater resource management. 

The Characteristics of Groundwater as a Resource 
The first task may be to demonstrate how groundwater fits in the category of a resource. The 
Merriam-Webster Online Dictionary defines resource as “a natural source of wealth or 
revenue—often used in plural” (that is, resources). Another definition of resource, found in 
Webster’s II New Riverside University dictionary, is: “an accessible supply that can be 
withdrawn from when necessary” (Soukhanov and others, 1994). Groundwater, especially 
groundwater in the Gulf Coast aquifer, appears to fit the definition of a resource or, more 
specifically, a natural resource. Implicit in the concept of a natural resource is the idea that, 
while existing in nature, the resource is withdrawn to meet human needs. (Although, as described 
later, groundwater is a natural resource that is also used to meet environmental needs.) 

Setting aside for the moment the question of “to whom, if anyone, does the groundwater 
belong?” one might imagine an aquifer system as being somewhat analogous to a financial trust 
established for a diverse group of beneficiaries. In this case, the trust (the aquifer) contains an 
initially funded principal amount (aquifer storage) and also receives periodic additions from 
earnings or “cash flow” generated by processes outside the trust’s savings account (aquifer 
recharge). By the terms of the trust (aquifer characteristics and parameters), there is a 
maximum amount of principal that can to be held in the trust (total aquifer storage). Amounts in 
excess of this cap (discharge) may be distributed to the beneficiaries under the terms of the trust. 

Professional trust officers (water resource managers) direct the trust, with input from members 
of a board representing the beneficiaries (those using the aquifer). The trust officers must abide 
by the terms of the trust (certain well-known aquifer parameters), their financial institution’s 
asset management policies (a local groundwater management plan), and state and federal laws 
governing financial institutions (that is, the Texas Water Code). 

Obviously, there are many differences between managing and allocating natural resource 
“accounts,” like groundwater, and managing a financial trust. Exploring some of these 
differences may provide a few insights into the issues facing those involved in the efforts to 
manage groundwater resources in the Gulf Coast aquifer of Texas: 

•  The analogy assumes there is active management of the “trust assets,” or the groundwater 
in the aquifer. This is the case in those areas within the Gulf Coast aquifer in Texas where 
there are groundwater conservation districts (GCDs) established by the Texas Legislature 
to provide for “local” management of groundwater resources. The exceptions are those 
areas where there are no GCDs. 

•  Unlike financial accounts such as trusts, where performance data is readily available to 
facilitate decision-making, usable data on aquifer parameters and conditions may not be 
available except where development has already occurred and monitoring is taking place. 
Where development is only anticipated—the areas most in need of good information to 
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support decisions on the allocation of groundwater resources—data is scarce, at best. This 
often leads to decisions being made on the basis of more subjective criteria, especially 
criteria that reflect the value systems prevailing within the decision-making body. 

•  While it may be assumed that the assets of the financial trust are used to generate 
economic benefit, at least to certain designated groups or individuals, not all groundwater 
uses are for the purpose of creating pure economic benefit. Some uses are environmental 
in nature—supporting populations of endangered species in the springs of the Edwards 
aquifer, for example—and may have little directly measurable economic benefit. In the 
context of groundwater management and allocation, however, these uses are generally 
recognized as having important “non-market” values and, in some cases, have been given 
higher priority than other, more traditionally valued uses of groundwater.2 

•  In managing a financial trust, the professional trust officers often find themselves dealing 
with beneficiaries who have conflicting views of how the trust should be managed. While 
the trust officers may understand the different points of view among the beneficiaries, 
they don’t necessarily have the means, or an obligation, to make all the beneficiaries 

                                                 

 
2 In attempting to incorporate more of the subjective values at work among stakeholders, water planners and 
economists have had to address the non-market value of water resources. In fact, the non-use, or passive use, value 
of surface-water resources is now recognized as a legitimate economic parameter in evaluating the benefits of 
proposed water projects—although, because it is related to personal, aesthetic preferences, it is difficult to quantify 
objectively and incorporate in most economic analyses (see Hanemann, 2005 for a discussion of non-market 
valuation of water). 

Someone once remarked—after trying unsuccessfully to generate income from a tract of rural land—that “the 
highest and best use of the property is just looking at it.” It may be hard to “see,” and accept, that groundwater has 
some inherently greater value being left in the aquifer, rather than being withdrawn for use, simply because an 
appreciation exists of the fact that “it’s there.” However, there are certain other values associated with non-use that 
may be held by some stakeholders and need to be considered: that is, the bequest value—the desire to leave it there 
for future generations—or, the option value—a desire to protect the resource, through current non-use, in order to 
have the option of potential use in the future. 

Both of these two types of non-use values have, as an underlying element, some anticipated future economic benefit 
to be derived by actual use, albeit the use may occur at such an indeterminate time in the future that it is difficult to 
discount these back to a present value. In any case, the perceived value is real and appreciable to those holding these 
views. 

Unfortunately, the allocation of groundwater under many current regulatory approaches tends to favor immediate 
withdrawal and actual use. For example, regulatory policies that reward use by basing permits on historic use—
especially where there has been no significant prior development within an aquifer system—may penalize those 
who, in the past, wished to reserve the option to use groundwater in the future. Even policies based on identifying 
some sustainable quantity of “water available for permitting,” and then issuing permits on a “first-come, first-
served” basis up to that amount, reward those who apply for and receive the “rights” to use groundwater before the 
permit limit is reached, and penalize those who would prefer to “bequest” that right to subsequent generations. 
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happy with their actions. The comfort the trust officers have is that, under the terms of the 
trust, they are responsible for making investment and distribution decisions within a 
strictly defined set of legal and institutional policies. In contrast, groundwater resource 
management in Texas has largely been delegated to local GCDs, where elected board 
members and the professional staff they employ are operating in an “evolving” area of 
state law and public policy. These local officials often must make decisions without the 
benefit of adequate, accurate technical information on the aquifer system they are 
charged with managing. As a result, they may be heavily influenced by the value systems 
being expressed by particular stakeholders—especially those stakeholders who can vote 
in or influence the next local election. 

Ownership Rights in Groundwater Resources 
If groundwater can be considered a resource that lends itself to being used for some individual or 
collective benefit, then the question remains: “To whom, if anyone, does the groundwater 
belong?” Differing views on the ownership of groundwater, stemming from divergent value 
systems, create disagreement on which uses should be allowed and to whom the benefits should 
accrue. 

It can be argued that some system of private ownership rights in water, including groundwater, is 
essential to encouraging investment in the infrastructure necessary to develop water supplies and 
make them available for use. Without such investment, whether from public or private sources, 
water will not be available to meet even the basic human needs. When the prospect exists of 
there being some means of realizing a return on investment, via, at minimum, the right to charge 
fees to recover the expense involved in making the water available for use, there tends to be a 
greater availability of water for most uses. 

It is important to note that while the debate is not necessarily over the issue of ownership rights 
in water, there are widely diverging philosophical and legal opinions relating to whether “access 
to a basic water requirement is a fundamental human right implicitly and explicitly supported by 
international laws, declarations, and State practice” (Gleick, 1999). 

Texas water law recognizes certain private ownership rights in groundwater—rights that are 
usually derived from ownership of the surface estate—including the right to receive whatever 
economic benefits accrue with the beneficial use of groundwater developed from beneath that 
surface estate. Historically, Texas law has provided that landowners could install wells on their 
property and withdraw groundwater, which they owned and could put to a recognized beneficial, 
non-wasteful use. Under Texas’ version of the absolute “Rule of Capture,” withdrawal of 
groundwater is relatively unconstrained—there is no liability involved even if a landowner’s 
withdrawal and use of groundwater impairs another landowner’s ability to withdraw and use 
groundwater from wells on his or her property. 

Although there is a history of repeated rulings by the Texas Supreme Court upholding the Rule 
of Capture, the most recent rulings began to direct the attention of the Texas Legislature to the 
shortcomings of this legal doctrine as a basis for effective, equitable groundwater management 
(Potter, 2004). Gradually acknowledging the Texas Supreme Court’s message that the Rule of 
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Capture was no longer an effective, or equitable, method of managing groundwater usage and 
avoiding conflicts between landowners, the Texas Legislature has more recently authorized and 
encouraged the creation of groundwater conservation districts (GCDs) as the “state’s preferred 
method of groundwater management” (Texas Water Code, Chapter 36, Section 36.0015). 

Chapter 36 of the Texas Water Code provides a detailed statement of legislative policy regarding 
the purpose of GCDs and establishes the legal framework for the management of groundwater 
under the authority of a GCD. Section 36.002 of the Texas Water Code states that: 

The ownership and rights of the owners of the land and their lessees and assigns in 
groundwater are hereby recognized, and nothing in this code shall be construed as 
depriving or divesting the owners or their lessees and assigns of the ownership or rights, 
except as those rights may be limited or altered by rules promulgated by a district” 
(Texas Water Code, Section 36.002—emphasis added). 

Thus, while landowners still have certain “ownership or rights” in the groundwater resources 
associated with the surface estate, the reality is that, where GCDs exist and have adopted rules 
regulating groundwater withdrawals, there are significant constraints on a landowner’s ability to 
fully exercise his or her “ownership or rights.” 

Ideally, such constraints are based on a legitimate effort to protect, and quantify, each 
landowner’s respective rights to withdraw and use some amount of groundwater that does not 
interfere with the similar right of another landowner. If crafted properly and equitably applied, 
GCD management plans and rules function to provide landowners with a much greater degree of 
certainty regarding their rights and ownership in groundwater than what is available under the 
Rule of Capture. 

How Groundwater Science, or the Lack Thereof, Shapes 
Views on Groundwater Resources  
People develop different perspectives on the availability and sustainability of certain resources 
depending on the kind of information they have access to and how that information is presented. 
Even though the science of hydrogeology might be able to provide ever-increasing amounts of 
information on the characteristics and behavior of certain aquifer systems, much of that technical 
information will be useless in the context of de-centralized groundwater management unless it 
can be communicated to the non-technical audience in simple, understandable terms. 

As a scientific discipline, hydrogeology is still grappling with how to create groundwater models 
and other tools that are equally technically sophisticated and usable by both the stakeholders and 
the professionals involved in the process at the local level. Unfortunately, as the tools tend to 
become more complex—by necessity—the level of understanding, outside of a select group of 
groundwater science practitioners, diminishes in a corresponding fashion. 

The situation remains that most people develop their perspectives on local groundwater resources 
from information that is not very well founded in science, or from information that is less than 
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ideal in its accuracy and coverage. Unfortunately, even when a good amount of scientifically 
valid data is available on local and regional aquifer systems, it is hard to disseminate the 
information in a format that is quickly and easily understood by the vast majority of the 
stakeholders involved in the groundwater management process.3 

Misapplication of “global” information to local problems—Faced with a lack of accurate, 
locally relevant, and easily accessible information, people often adopt views on groundwater 
resources that are derived from more general information on the availability and sustainability of 
groundwater. Lacking locally specific information on critical aquifer characteristics such as 
recharge rates, quantity of water in storage, transmissivity values, and other factors which dictate 
an aquifer’s response to stresses, there is tendency to adopt and apply information gleaned from 
articles and information about conditions that may exist in other, perhaps completely different, 
aquifer systems. Unfortunately, news articles and other information readily available to the 
general public tend to focus on the problems of water scarcity and conflicts over limited water 
supplies—problems that may not exist in the local area. 

Misinterpretation of limited data on groundwater resources—Even where there is an attempt 
by stakeholders to acquire and interpret technical data on local groundwater conditions, the 
limited amounts of data that are available, or mistakes in the way the data is analyzed, may lead 
to erroneous conclusions. An example might be where only a short period of record is available 
for measured water levels. Aquifer systems with significant storage tend to operate as temporal 
buffers of short-term processes that affect water levels. Where a few years of monitoring data 
may reveal some decreasing trend in water levels, without a long period of record, there may be 
no way to determine if that trend is a response to recent pumping stresses, or just a part of the 
normal, longer-term cycle of fluctuations in water levels. If a longer period of record were 
available, it might reveal that there were prior periods of both increases and decreases in water 
levels even during “pre-development” conditions. 

Another common misinterpretation of limited hydrogeologic data is failing to consider and 
account for the effects of other stresses besides groundwater pumping on water levels in aquifers. 
In some areas overlying the Gulf Coast aquifer there has been a succession of changes in land 
use and vegetative cover. Changes such as an increase in impermeable cover due to urbanization 
or an increase in the amount of brush coverage affect the net recharge rates.4 

                                                 

 

3 The one major advance that has created some hope of bridging this communication gap is the use of computer-
generated graphical displays of groundwater resources. These amazingly good visual representations of aquifer 
structure, characteristics, and response can be particularly effective in getting some broad base understanding of the 
hydrogeologic processes at work in a particular aquifer system. Unfortunately, computer-generated graphics are only 
as good as the information on which they are based, and data scarcity remains a seriously limiting factor in their 
development and deployment. 

4 Mesquite, huisache, and some other invasive brush are in a category of plants called “phreatophytes”—a deep-
rooted plant that obtains water from the water table. The origin of the word is Greek: phrear or phreat, meaning 
“well” or “spring.” It may help to picture a pasture infested with mesquite as being covered with thousands of “little 
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In some areas, where there has been little groundwater development, these factors may be more 
important determinants of water levels than pumping stresses. However, because precipitation 
and pumping data may be easier to obtain and correlate with whatever data is available on water 
levels, changes in water levels are sometimes associated only with variations in rainfall and/or 
pumping. 

A Clash of Values 
Although Chapter 36 of the Texas Water Code sets out the broader policy goals and the legal 
framework for groundwater management in Texas, GCDs operate in a climate where certain 
value systems give rise to strongly held views that may not correspond to either the reality of the 
hydrogeologic conditions or existing state law on the ownership, management, and allocation of 
groundwater. GCDs are local governmental bodies controlled by board members chosen in local 
elections—elections where non-resident landowners and other legitimate stakeholders may have 
no voice. 

This situation sets the stage for a conflict between those concerned with the business of realizing 
the broader state water policy goals and those concerned simply with “local control” of 
groundwater resources. Most often this is manifested in the area of permits for projects that are 
proposed to develop and “export” groundwater out of a GCD’s jurisdictional area. Since the 
majority of such proposed projects would involve a transfer of groundwater from rural areas to 
urban areas, the resulting conflict over the permits for these projects is often portrayed as a rural 
vs. urban “clash of values” (Kaiser, 1994). 

While this may be true in some broad sense, explaining conflicts over groundwater projects like 
these as simply a fight between rural and urban interests ignores the fact that the permits for 
groundwater withdrawals are being sought by, or on behalf of, landowners in the GCD. If there 
were no landowners interested in exercising their rights and ownership in groundwater for the 
purpose of providing water for these types of projects, then there would not be a venue within 
which the broader rural vs. urban argument might arise. 

The source of the current conflict over these proposed projects, then, would appear to originate 
in a clash between the value systems of the various “local” stakeholders—between the resident 
landowners and non-resident landowners, between large landowners and small landowners, 
between the “environmental community” and the “development community,” or between any of 
the many other categories of stakeholders having divergent interests and views on how and 
where groundwater resources should be used. 

                                                                                                                                                             

 
pumping wells” extracting stored water out of the ground and discharging it, as water vapor, through their leaves 
and into the atmosphere (http://www.answers.com/phreatophytes&r=67). 
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Managing Groundwater Resources—Responding to Need or 
Responding to Fear 
Under the Rule of Capture, groundwater in Texas, or at least a large part of the state, was 
virtually “unmanageable.” But where groundwater use was largely a matter of widely dispersed 
agricultural, domestic, and livestock wells, there was not a pressing need to establish a new 
regulatory scheme to replace the Rule of Capture. 

The exceptions were aquifer systems with specifically identified problems resulting from 
excessive withdrawals—areas in need of groundwater management. Some special districts have 
been established and given authority by the Texas Legislature to address these real problems (for 
example, the GCDs in the Texas Panhandle over the Ogallala aquifer, the Harris-Galveston 
Subsidence District; and the Edwards Aquifer Authority). In these instances, the problems were 
well known to landowners and stakeholders within these districts, and the nature and extent of 
the regulatory authority provided to address the problems was clearly defined in the enabling 
legislation and subsequent district rules. 

Chapter 35 of the Texas Water Code allows the state to designate Priority Groundwater 
Management Areas (also known as PGMAs) where certain problems exist and groundwater 
management is a high priority. The Legislature has provided that the state may create GCDs in 
these PGMAs, with or without local initiative, to address these problems (see Texas Water Code, 
Chapter 35, Sections 35.007–35.013). 

More recently, however, many local GCDs have been established on the initiative of local 
interests because of a general concern that, lacking local control, some outside entity—usually 
the “water marketers” or big cities—could over-pump and “export” the groundwater in the area. 
It is an understandable reaction, based in the fear that a traditional way of life might be 
threatened by some new, large use of the groundwater resources in an area. However, it can 
create unrealistically high expectations about the role and the effectiveness of the resulting GCD 
in addressing these concerns. 

Many voters, when considering the confirmation of a proposed GCD, do not realize either how 
little, or how much, authority is truly being granted by the state to affect “local control.” Some of 
the confusion may be due to a lack of familiarity with the provisions of Chapter 36 of the Texas 
Water Code, which governs most GCDs. Even among the legal community there is a wide range 
of opinion regarding the authority state law grants to these districts to carry out their mission of 
managing groundwater resources. 

State law, however, is relatively clear that GCDs must treat all applications for pumping permits 
on an equitable basis, including applications for wells that would export water. GCDs have no 
authority to deny permits for these projects simply because they may be unpopular. As a result, 
GCDs often have difficulty in fulfilling some of the local expectations that gave rise to their 
creation. 
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A New Framework is Necessary 
Each of the divergent viewpoints evident among stakeholders probably has some basis in 
legitimate interests or concerns, but the result is that there are many different “horses” pulling the 
“water wagons” around Texas. It is unlikely that the Texas Legislature, having decided to de-
centralize groundwater management and empower GCDs with some degree of local control over 
groundwater resources, will be able to herd all the horses into one corral. The challenge, and 
perhaps the key to success, is getting all the horses to realize the benefits of pulling their wagons 
in the same direction. 

The goal is an effective and inclusive groundwater management process that recognizes and 
respects the diversity of stakeholder value systems regarding groundwater resources but also has 
a foundation on sound scientific principles and established state laws that govern groundwater 
management in Texas. Such a policy and management framework should: 

•  recognize and protect landowners’ rights and ownership in groundwater resources and 
promote the role landowners can play in facilitating the sustainable, conjunctive 
management of water resources; 

•  minimize, as far as possible, well interference so that each and every landowner can fully 
exercise their respective right to develop their available groundwater resources and put 
those resources to a beneficial use of their choice; 

•  recognize and help realize both the broader state water management goals and the desires 
of local landowners in utilizing groundwater on a sustainable basis; 

•  incorporate and honor uses with “non-market” values, such as environmental flows and 
“non-use,” including protection of the option to reserve the right of use of groundwater 
resources for some future generations; and 

•  minimize litigation over decisions made at the “local” management level. 

How could this possibly be accomplished? First, it entails recognizing that there are a large 
number of stakeholders involved in the groundwater management process and that their level of 
knowledge and understanding of the hydrogeologic basis for groundwater management varies 
widely. The interests of all stakeholders would be well served if there were much more emphasis 
put on developing and implementing educational programs aimed at providing stakeholders with 
at least some amount of accurate, usable information about their respective aquifer systems. 
While there is a requirement that this be included in the approved management plan for a GCD, 
it may simply be beyond the ability of many local GCDs to fund and execute this task. It may be 
a more appropriate role for a state resource agency, like the Texas Water Development Board 
(TWDB), to develop and disseminate these basic educational resources. In fact, where good data 
exists in the Groundwater Availability Models (GAMs) developed by TWDB, it may not involve 
too much effort to take some of the graphical representations of aquifer system properties and 
use them to prepare regionally specific educational materials. 

The state has already established what may be an appropriate venue for these efforts. The 79th 
Texas Legislature passed HB 1763, which requires local GCDs to engage in a joint planning and 
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coordination process aimed at establishing, by consensus, the “desired future conditions for the 
relevant aquifers in the management area.” (In this case, the “management area” for each aquifer 
system is a specifically delineated “Groundwater Management Area,” or GMA. GMAs were 
previously defined by TWDB in a rulemaking process responding to a legislative mandate 
contained in SB2, enacted by the 77th Texas Legislature (see SB2, Sections 2.21, 2.22, & 2.48). 

Local groundwater management efforts do not operate in a vacuum. There needs to be greater 
effort made to communicate the importance of the broader policy goals that the Legislature has 
established for local groundwater management efforts and to highlight the benefits for all 
Texans. 

It appears that the over-arching state policy with respect to groundwater management is to 
continue to recognize private property rights in groundwater, but to subject those rights to some 
limitations—based on locally specific groundwater conditions—so as to prevent well 
interference, waste, subsidence, and other manifestations of overuse of locally, or regionally, 
available groundwater resources (see Section 36.1071 of the Texas Water Code pertaining to 
those management goals required to be included in a GCD’s management plan). 

State law also appears to recognize that groundwater resources should be available for 
development and use as part of the larger need to assure a long-term, dependable, affordable 
supply of water for regions across the state. These statewide policy goals need to be more clearly 
and effectively communicated to local stakeholders so they can put their individual interests and 
value systems in perspective with the goal of providing for the broader interests and good of the 
state as a whole. 

One way to encourage the internalization and adoption of the statewide policy goals is to provide 
incentives for local GCDs and stakeholders to participate in the process of groundwater 
management on a more regional basis. While the state, under the provisions of HB1763, appears 
to be heading in the direction of requiring more regional coordination among GCDs on certain 
basic issues, like identifying the “desired future condition” of an aquifer or portion of an aquifer, 
and using this information to determine the amount of “water available for permitting,” there still 
remains the need to steer the de-centralized management process in more of a uniform direction. 

Some stakeholders may have less fear about certain uses of groundwater if they can be assured 
that those uses generate identifiable benefits for the local area, in addition to achieving the goals 
of the landowner(s) involved and the broader goals of statewide water policy. This is where local 
incentives come into play. One example of an incentive may be to change state law so as to 
allow GCDs to use the revenues generated by export fees towards efforts designed to meet local 
economic development needs, rather than only for purposes of supporting the GCD’s operating 
budget. 

A Final Thought 
In almost every gathering on the subject of water resources, someone will trot out the line 
“Whiskey is for drinking and water is for fighting.” It is always attributed to Mark Twain, 



 

 

284

although one researcher scoured everything Mark Twain wrote and couldn’t find it in print. 
However, it certainly sounds like something Mark Twain might have said. 

The truth may be that, while whiskey has probably started more fights than water, whiskey tends 
to fuel barroom brawls and riots, while water tends to ignite feuds, civil wars, and international 
conflicts. Disputes like these over water are usually rooted in divergent value systems that have 
not been properly identified or addressed before it is too late. 

Perhaps a better paradigm would be that “whiskey is for drinking, and water is for sharing.” 
Getting to this new framework for groundwater management might start with the various groups 
involved sitting down, over a drink—water, or whiskey, depending on your value system. 
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Chapter 18 

Assessment of Shallow Recharge and 
Groundwater-Surface Water Interactions for the 

LSWP Study Region, Central Texas Coast 
Neil Deeds1, Van Kelley, P.G.1, Steven C. Young2, and Geoffrey P. Saunders, P.G., C.G.W.P.3 

Introduction 
The LCRA-SAWS Water Project (LSWP) represents a partnership between the Lower Colorado 
River Authority (LCRA) and San Antonio Water System (SAWS) with the goal of conserving 
and developing water for the San Antonio region and the Lower Colorado River Basin in the 21st 
century. This project includes the development of a groundwater model of the Chicot and 
Evangeline aquifers in the study region. The study region includes Colorado, Wharton, and 
Matagorda counties, as well as adjacent counties, including Lavaca, Jackson, Austin, Fort Bend, 
and Brazoria counties. 

As part of the development of a conceptual groundwater model of the study region, an analysis 
of shallow recharge and baseflow discharge was completed. In dipping aquifers, like the Chicot 
and Evangeline, recharge occurs in the outcrops where the aquifers are unconfined. The 
groundwater system in the outcrop can often act as a classical topographically-driven 
recharge/discharge system, where recharge primary occurs in the areas of higher elevation, and 
discharge occurs in the areas of lower elevation through streams, seeps, and groundwater 
evapotranspiration. The recharge to the water table that discharges relatively quickly in the 
surficial groundwater system does not have a significant impact on the deeper, confined aquifer 
system. Therefore, recharge can be conceptually divided into two different types, “shallow” 
recharge, which discharges relatively quickly through baseflow and other surficial discharge 
components, and “deep” recharge, which moves into the confined system and exits, under 
predevelopment conditions, through cross-formational flow. This paper discusses the analysis of 
the shallow recharge that discharges primarily to streams through baseflow. Understanding this 
part of the hydrologic system allows for the development of baseflow targets for the groundwater 
model as well as improving the implementation of recharge in the model. 

                                                 
 
1 INTERA Incorporated 
2 URS Corporation 
3 Lower Colorado River Authority 
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Hydrograph Separation Analyses 
Hydrograph separation is a methodology whereby streamflow hydrograph data is analyzed and 
surface runoff is partitioned from the stream baseflow component. The basic premise is that in 
the streamflow hydrograph, sharp peaks represent surface runoff events, whereas the smooth, 
constant portion of the streamflow hydrograph represents baseflow. 

Baseflow separation studies were performed on 15 stream gages in the study area that had some 
historical unregulated period. The code BFI (Wahl and Wahl, 1995) was used to perform the 
automated separation analysis. Figure 18-1 shows the subwatersheds analyzed in the study area, 
along with the corresponding gages. Only data from unregulated years were analyzed, based on 
Slade and others (2002). An attempt was made to perform an analysis on at least one gage in 
each subwatershed. However, unregulated gages were not available in all subwatersheds. 
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Figure 18-1. Location of gages for hydrograph separation analyses. 

Four of the subwatersheds shown in Figure 18-1 do not originate in the study region. These are 
the northern and southern portions of the Colorado and Brazos river basins. In practice, even 
with an upstream gage, it is difficult to determine what portion of the baseflow originates in the 
study area for these rivers, since the incremental addition of baseflow in the study area may be 
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small compared to the overall inflow. Also, in some subwatersheds, the results from gages 
representing only a portion of the overall drainage area had to be upscaled based on the ratio of 
the partial to overall catchment area. 

The analysis of gage data was done with the understanding that the hydrographs are affected by 
diversions. Some estimate of the total diversions for a particular subwatershed was known, but 
an accurate history of the timing of the diversions was unknown. The analysis approach 
weighted the total diversion amount by the fraction of time that most of the streamflow is 
considered baseflow, thus crudely approximating the portion of the diversion that might affect 
the baseflow estimate. 

Table 18-1 shows the long-term average annual results of the baseflow analyses. In general, 
baseflow estimates were in the range of one to two inches per year when averaged over the gage 
drainage area. Not all subwatershed results are reported, due to problems with some analyses. 
For example, the Colorado and Brazos subwatersheds were affected strongly by inflows from 
outside the region. Also, the Colorado River has the highest diversions, which also affected the 
results. 

Table 18-1. Hydrograph separation results. 

Basin Area 
(mi2) 

Upscaled 
baseflow 

(afy) 

Diversion adjusted 
baseflow  
(in/yr) 

Lavaca W 896 45,193 0.95 
Lavaca E 1,424 64,286 0.85 

Lavaca - Guadalupe 905 18,635 0.39 
Colorado - Lavaca 1,271 106,622 1.57 

Brazos - Colorado E 1,029 106,942 1.95 
San Jacinto - Brazos E 1,109 140,311 2.37 

mi = mile 
afy = acre-feet per year 
in/yr = inches per year 

Correlation of Baseflow with Precipitation 
We attempted to derive a relationship between baseflow and precipitation, mostly as a surrogate 
to predicting shallow recharge as a function of precipitation. For each subwatershed, the annual 
estimates of baseflow were converted to fluxes by dividing by the catchment area and then 
plotted against historical annual precipitation. Equation (1) provides a relationship derived from 
semi-log plots, with baseflow on the log scale. The final estimated relationship for the study area 
was valid between approximately 20 inches per year and 60 inches per year, yielding baseflow 
(or minimum shallow recharge) estimates of between 0.25 and 2.0 inches per year. 

 log(baseflow) = 0.05(precipitation) – 2.46 (1) 

where baseflow and precipitation have units of inches per year. 
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Low Flow Study 
Low-flow studies have traditionally been used to estimate gaining or losing conditions in a 
stream. These methods basically perform a flow balance between two stream control points. The 
net gain, or loss, of flow between the two control points is considered to be a result of stream-
aquifer gain or loss, depending upon the sign. The key to this method is the assumption that 
surface runoff is negligible, and that is why the studies are performed at low-flow conditions. 
The study was performed based upon a historical analysis the first six months of water year 2000 
with emphasis on the month of November 1999 which was found to have the most stable low 
flow conditions since 1992. 

There are a significant number of tributaries, diversions, and return flows related to wastewater 
treatment plants (WWTPs) along the 257.8 mile river stretch. As a result, the study attempted to 
add and subtract these effects accordingly. Tributary inflows were estimated where not gaged. 
Inflows and discharge data for WWTPs were obtained from the TCEQ. In November 1999, 
diversions for irrigation or other uses that would provide return flows were negligible. River 
water pumping for industrial use, basically isolated to power plants, was minimal as estimated 
from LCRA records. It was determined that for the month of November 1999, tributary inflows, 
daily return flow, and daily diversions were insignificant compared to mainstream streamflow 
rates. Evapotranspiration was also found to be at least an order of magnitude below gain/loss 
estimates. Table 18-2 provides the November 1999 Colorado River median gain/loss estimates 
for the river reach between the cities of Austin and Bay City. 

Table 18-2. Low flow study results. 

Reach 
Length 

(mi) 
Gain/loss 

(afy) 
Gain/loss 
(afy/mi) 

Austin-Bastrop 53.5 -4,347 -81 
Bastrop-Smithville 24 42,742 799 
Smithville-LaGrange 36 -15,938 -664 
LaGrange-Columbus 40.9 58,680 1,630 
Columbus-Wharton 68.5 7,244 177 
Wharton-Bay City 34.1 70,996 1,036 
    159,378   
mi = mile 
afy = acre-feet per year 
afy/mi = acre-feet per year per mile of river 

Results and Conclusions 
Hydrograph separation analyses provided estimates of long-term average baseflows for several 
watersheds adjacent to the lower Colorado River. Hydrograph separation in the Lower Colorado 
River was unsuccessful due to significant inflow from outside the study area combined with 
large diversions in the study area. In general, the streams in the region are gaining, with an 
average shallow recharge return flow of one or two inches per year. 
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Annual estimates of baseflow from the hydrograph separation analyses correlated positively with 
annual precipitation. A semi-log relationship was derived from this correlation that can be used 
to vary predicted shallow recharge based on precipitation. This study also provided an estimated 
baseflow for the lower Colorado River through a low-flow analysis. The lower Colorado River 
was found to gain about 160,000 acre-feet per year (afy) over the reaches between Austin and 
Bay City. This is a measurement for a single point in time, and may vary somewhat from the 
long-term average. 

In general, the study provided a good conceptual foundation for shallow recharge and discharge 
in the model region and also provided guidance for surface water/groundwater calibration targets 
for model calibration. 
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Chapter 19 

Low Flow Gain-Loss Study  
of the Colorado River in Texas 

Geoffrey P. Saunders, P.G., C.G.W.P.1 

Introduction 
Most natural rivers gain or lose water as they interact with underlying groundwater aquifers. 
Lower Colorado River Authority (LCRA) and San Antonio Water Systems (SAWS) are working 
together on a project to benefit areas served by both agencies. Low flow gains and losses are 
relevant to the LCRA-SAWS Water Project, because surface water availability and water quality 
are most sensitive to impacts during low flow conditions such as drought. This study is designed 
to provide information on the base flow rate of the lower Colorado River at key locations and the 
gain-loss of flow in reaches between those locations. After accounting for all known additions 
and subtractions from measured streamflow, the net gain-loss is attributed to interaction with 
groundwater aquifers. 

Study Area 
The study area, located in South-central Texas, contains several major and minor aquifers 
designated by the Texas Water Development Board (Ashworth and Hopkins, 1995; TWDB, 
2002) as shown in Figure 19-1. Some of the aquifers designated by the TWDB, such as the 
Carrizo-Wilcox and Gulf Coast aquifers, are subdivided on the study area map using geologic 
mapping of producing zones (Bureau of Economic Geology, 1974). Also shown are locations of 
streamflow gauging stations and reaches between these stations. 

Methodology 
Earlier gain-loss studies were reviewed (Slade and others, 2002). In recent years since the record 
flood in 1991–1992, after which LCRA’s Water Management Plan has been used as a guide in 
regulating low flows, the driest and lowest flow period occurred during the winter of 1999–2000.  

                                                 

 

1 Lower Colorado River Authority 
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Figure 19-1. Lower Colorado River gain-loss study area, showing outcrops of major and minor aquifers, 
Colorado River channel, streamflow gauging stations, and study reaches. Source of aquifer 
outcrop areas: Geologic Atlas Sheets (Bureau of Economic Geology, 1974). 

Streamflow data for the period October 1, 1999, through March 31, 2000, has been published by 
the U.S. Geological Survey, and rainfall records have been published by the National Weather 
Service. Considering patterns of reservoir releases, rainfall, and runoff, the month of November 
1999 had stable low flow conditions. These conditions were ideal for low-flow investigations, 
although the dataset was relatively small (30 days). To bolster the historical record, a field 
investigation was conducted during similar low flow conditions in November of 2005. 
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Field measurements of streamflow were collected and used to update the stage-discharge ratings 
at each river station. Mean daily streamflow values were obtained from the U.S. Geological 
Survey; data on diversions were obtained from the Lower Colorado River Authority; and 
reported values for permitted discharges were obtained from the Texas Commission on 
Environmental Quality. The data sets were staggered by travel time between river stations, as 
indicated by unique patterns of streamflow, thus synchronizing the hydrographs. 

A mass balance analysis was used on the staggered datasets. Tributary inflows and discharges to 
the river, as well as withdrawals, diversions, and evapotranspiration from the river, were 
accounted for. The adjusted daily values were compared to determine gains or losses in 
streamflow attributable to groundwater interaction. 

Results 
During dry periods, tributary inflows to the lower Colorado River were insignificant compared to 
mainstem streamflow rates. Withdrawals from the river were minimal, and discharges to the 
river were nearly constant. Evapotranspiration rates were noteworthy but an order of magnitude 
less than total gain-loss values. With all other factors accounted for, the differences in flow 
between mainstem gauging stations (adjusted gain-loss values) were attributed to groundwater 
contribution. The attribution of streamflow gains and losses are summarized in Table 19-1. 

Table 19-1.   Estimates of groundwater contribution to the lower Colorado River. 

Reach Description River 
miles 

Water-bearing 
units Larger aquifer Median adjusted gain-loss  

(cubic feet per second) 
#1 Austin-Bastrop 53.5 Simsboro Carrizo-Wilcox -9 

#2 Bastrop-Smithville 24.8 
Calvert Bluff, 
Carrizo, Queen 
City, Sparta 

Carrizo-
Wilcox, Queen 
City, Sparta 

+59 

#3 Smithville-LaGrange 36 Yegua-Jackson Yegua-Jackson -22 

#4 LaGrange-Columbus 40.9 Catahoula, 
Oakville, Goliad Gulf Coast  +81 

#5 Columbus-Wharton 68.5 Goliad, Willis, 
Lissie Gulf Coast  +10 

#6 Wharton-Bay City 34.1 Lissie, Beaumont Gulf Coast  +98 
    Total Gain: +217 

 

Similar results were obtained from the larger dataset representing the period October 1, 1999 
through March 31, 2000. However, several small rainfall-runoff events occurred during the 
longer period of study, and daily wastewater discharges over the longer period may have been 
more variable than indicated by monthly reports submitted by the municipalities. In addition, 
U.S. Geological Survey records from the Bay City streamflow gauge were classified as “fair” as 
compared to “good” for all other stations. The most reliable estimates were derived from the 
month of November, 1999. 
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In 2005, LCRA conducted a low flow investigation with the following results in Table 19-2. The 
field investigation generally confirmed earlier estimates of travel time and streamflow gain. An 
interesting finding was that travel time, according to the hydrographs and river miles between 
gauges, appeared to exceed measured velocities of streamflow. This could be due to underflow in 
the alluvium, allowing some component of the water to flow down-gradient to the southeast 
without having to follow bends and meanders in the river channel. 

Error in the historical data analysis is due primarily to inaccuracy in streamflow gauge ratings of 
approximately eight percent. For the total of 217 cubic feet per second (cfs), this estimated error 
would result in a range of approximately 200 to 235 cfs of streamflow gain between Austin and 
Bay City. 

Table 19-2.   November 2005 low flow measurements. 

Location Date Time Travel Time Flow 
(cfs) 

Colorado River near Utley Nov. 7, 2005 15:40 0 day 332 
Colorado River at Bastrop Nov. 8, 2005 14:10 1 day 430 
Colorado River at Smithville Nov. 9, 2005 11:50 2 days 382 
Colorado River at LaGrange Nov. 10, 2005 12:35 3 days 404 
Colorado River at Columbus Nov. 11, 2005 11:30 4 days 475 
Colorado River near Altair Nov. 12, 2005 10:38 5 days 471 
Colorado River at Wharton Nov. 14, 2005 10:10 7 days 531 
Colorado River near Lane City Nov. 14, 2005 13:32 7 days 578 
Colorado River near Bay City Nov. 15, 2005 10:18 8 days 542 

cfs = cubic feet per second 

Conclusions 
The lower Colorado River is a gaining stream that receives groundwater contribution from major 
and minor aquifers. Although there are some reaches that apparently do not contribute 
groundwater to the river, the net gain is approximately 200 to 235 cfs between Austin and Bay 
City under short-term drought conditions. Long-term severe drought conditions, under which 
groundwater aquifers may be stressed or slightly depleted, may produce somewhat less 
groundwater contribution to the Colorado River. However, such effects have lag time in years 
that exceeds the period of drought, and therefore may not be a factor during times of low flow. 
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Chapter 20 

Groundwater Management through 
Groundwater Conservation Districts 

Texas Alliance of Groundwater Districts 

New Frontiers in Texas Water Policy 
In 1997, the Texas Legislature enacted Senate Bill 1, landmark legislation that instituted a 
bottom-up approach to state water planning through 16 regional groups representing the diversity 
of stakeholders. Senate Bill 1 confirmed that groundwater conservation districts “are the state’s 
preferred method of groundwater management” but prevented districts from prohibiting the 
export of groundwater. Senate Bill 1 also placed additional restrictions on exporting surface 
water from one river basin to another. 

As a result, there is new interest in potential profit to be made from “water ranching” or 
groundwater marketing. Developments on this front raise the question of how to balance the 
private property rights of all landowners, ensuring that all benefit equitably from the 
groundwater resources beneath their land. 

The first groundwater conservation district in Texas was established in 1951. Over the next 50 
years, another 49 districts were created. Currently, 84 groundwater conservation districts have 
been created and confirmed by local voters and 5 districts are pending confirmation. With the 
new groundwater conservation districts formed in the last few years, some 89 percent of Texas’ 
groundwater resources are now being managed by districts (Figure 20-1). However, many of the 
newer districts are still in the process of developing and implementing their management plans. 
At the same time, most carry out their responsibilities with limited financial resources. In 
addition, they face real challenges in communicating their roles and responsibilities to 
landowners. In a November 2003 survey, members of the Texas Alliance of Groundwater 
Districts almost unanimously singled out “misinformation” as one of the largest problems facing 
new groundwater conservation districts. 

In that same survey, members overwhelmingly agreed that “water marketing is one of the most 
serious issues facing Texas today” and that groundwater conservation districts offer a number of 
different management options that create a balance to the Rule of Capture. The critical issues 
surrounding the use and sale of groundwater in Texas demand careful and thorough attention. 
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Local Management of Local Groundwater Resources 
Texas is unique in the diversity of its aquifers. Recharge rates and features, depth of water tables, 
storage capacity, and water quality differ widely across this great state. Because of this, Texas 
has chosen to put management of groundwater resources in the hands of local stakeholders 
through groundwater conservation districts. The laws governing groundwater conservation 
districts are properly constructed to provide districts with flexibility to respond to the unique 
conditions of their particular geology and local circumstances. 

Local groundwater conservation districts can set well-spacing requirements and pumping limits 
to ensure that pumping on one property minimizes draw-down of the water table on another. 
These rules can be modified as needed due to changes in population, water demand, and water 
table. Through these rules, districts help protect private water rights. 

In areas where there is no groundwater conservation district, the “Rule of Capture” prevails. In 
such areas, groundwater pumping is basically unregulated. Landowners can pump as much water 
as they choose, without liability or regard for wells on adjacent properties. 

Groundwater Conservation Districts Form Regional 
Alliances to Better Manage Groundwater Resources 
The geological formations that contain aquifers stretch beyond the political boundaries that 
frame individual groundwater conservation districts. A single aquifer may supply users who are 
separated by hundreds of miles and represented by distinct districts. 

Groundwater conservation districts have recognized the real need for coordinating activities of 
districts that rely on the same aquifer. Many have teamed up to share staff and other resources. 

In a major initiative, groundwater conservation districts are establishing alliances that help 
coordinate a regional approach to groundwater management strategies. 

The West Texas Regional Groundwater Alliance was among the first such regional partnerships. 
The forerunner of the alliance was created in 1988 by Coke County Underground Water 
Conservation District, Glasscock County Groundwater Conservation District, Irion County 
Water Conservation District, and Sterling County Underground Water Conservation District. As 
new districts were created in adjacent counties, they too adopted the “Cooperative Agreement” 
providing for continuity of groundwater monitoring and protection in the region. In 1996, the 
agreement was redrafted, and the West Texas Regional Groundwater Alliance formed. Currently, 
the alliance includes 12 districts that encompass some 17,800 square miles of West Texas that 
overlie the Edwards-Trinity (Plateau) aquifer, one of the state’s major aquifers. Joining the four 
original members are Emerald Underground Water Conservation District, Hickory Underground 
Water Conservation District #1, Lipan-Kickapoo Water Conservation District, Lone Wolf 
Groundwater Conservation District, Menard County Underground Water Conservation District, 
Plateau Underground Water Conservation and Supply District, Santa Rita Underground Water 
Conservation District, and Sutton County Underground Water Conservation District. 
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The West Texas Regional Groundwater Alliance coordinates activities among member districts 
to promote their common objective of conserving, preserving, and providing for the beneficial 
use of groundwater resources. Members enjoy economies of scale by collaborating on planning, 
educational activities, workshops, model rules, well plugging, and legal services. Districts 
coordinate services, such as water quality analyses, mapping needs, computer training, and field 
equipment. 

Other districts have formed similar regional partnerships: 

•  The Carrizo-Wilcox Aquifer Alliance was established in 1999 to provide for coordinated 
management of groundwater in South Texas. Members include Medina County 
Groundwater Conservation District, Evergreen Underground Water Conservation 
District, Bee Groundwater Conservation District, Live Oak Underground Water 
Conservation District, Gonzales County Underground Water Conservation District, and 
Wintergarden Groundwater Conservation District. 

•  The Hill Country Groundwater Conservation District Alliance, also formed in 1999, 
includes the Hays Trinity Groundwater Conservation District, Barton Springs-Edwards 
Aquifer Conservation District, Blanco-Pedernales Groundwater Conservation District, 
Hill Country Underground Water Conservation District, Cow Creek Groundwater 
Conservation District, Trinity Glen Rose Groundwater Conservation District, Headwaters 
Groundwater Conservation District, Bandera County River Authority and Groundwater 
District, and Medina County Groundwater Conservation District. 

•  The Far West Texas Alliance of Groundwater Districts, established in January 2004, 
encompasses Brewster County Groundwater Conservation District, Culberson County 
Groundwater Conservation District, Hudspeth County Underground Water Conservation 
District #1, Jeff Davis County Underground Water Conservation District, Middle Pecos 
GCD, and Presidio County Underground Water Conservation District. These districts 
cover two major aquifers and eight minor aquifers. 

•  The South Texas Regional Groundwater Alliance also was formed in early 2004. Its 
members include Live Oak Underground Water Conservation District, Bee Groundwater 
Conservation District, Goliad County Groundwater Conservation District, Evergreen 
Underground Water Conservation District, Refugio Groundwater Conservation District, 
Pecan Valley Groundwater Conservation District, and Crossroads Groundwater 
Conservation District. 

Groundwater Conservation District Roles & Responsibilities 
Most groundwater conservation districts are created through legislation, usually introduced by 
the local state senator or representative at the request of landowners or other stockholders. 
Landowners can petition the Texas Commission on Environmental Quality to form a 
groundwater conservation district or request annexation into an existing adjacent groundwater 
conservation district. The Texas Commission on Environmental Quality can also create a 
groundwater conservation district where there is proven need for a district. 
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Most groundwater conservation districts must be confirmed by local voters. Texas law 
guarantees local control by requiring that all districts be managed by locally elected or appointed 
directors who live within district boundaries. Districts may be funded by different mechanisms, 
including pumping fees, administrative fees, and ad valorem taxes. 

Groundwater conservation districts are required by law to develop and submit a groundwater 
management plan for state certification. The plan must provide for the most efficient use of local 
groundwater resources, control of land subsidence, and prevention of water waste. In addition, 
the plan must include provisions related to drought, conservation, natural resource issues, and 
conjunctive surface water issues. 

Each district also must: 

•  adopt rules needed to implement the plan, 

•  keep records on water wells and the production and use of groundwater, 

•  permit and register certain wells, and 

•  adopt and follow administrative and financial procedures. 
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1.0 INTRODUCTION

This Groundwater Monitoring Report was prepared on behalf ofReynolds Metals Company (Reynolds) and

presents the results of groundwater monitoring for the third quarter of2004 for the Reynolds, Corpus Christi,

Texas Operations site in Gregory, Texas. This site is generally referred to as the "Sherwin"site (the Site) and

consists of property controlled by Reynolds. A Groundwater Monitoring Plan (GWMP) (pastor, Behling &

Wheeler, 2003) describes the monitoring program design, field procedures, and procedures for data evaluation

and reporting. The GWMP was approved by the TCEQ in a letter dated May 4,2004. The objective of

groundwater monitoring is to cost-effectively monitor the groundwater pathway for the protection ofhuman

health and the environment. Groundwater monitoring data will be used to monitor chemicals of concern

(COCs) in the groundwater identified during past investigations and documented in an Affected Property

Assessment Report (APAR) (Alcoa, 2002; Alcoa, 2003). Groundwater monitoring is required, under certain

conditions and at certain areas, by the Alcoa Bauxite Residue Management Standards and Guidelines and the

AWAC Best Management Practice for Addressing Caustic Contamination of Soil and Water.

1.1 Site Description

The Reynolds Corpus Christi, Texas Operations historically consisted of two co-located operating units-the

San Patricio Reduction Facility (referred to as the "San Patricio Plant") and the Sherwin Alumina Plant (the

"Alumina Plant"). The San Patricio Plant was a smelter; it began operations in 1952 and was permanently shut

down in December 1984. The Alumina Plant processes bauxite ore into alumina. It began operating in 1954,

and continues to operate at present.

Reynolds owned and operated the Corpus Christi, Texas Operations beginning in 1954. In 2000, Alcoa

acquired Reynolds and Reynolds is now a wholly-owned subsidiary of Alcoa. Before approving Alcoa's

purchase ofReynolds , the United States Department of Justice directed Alcoa to divest the Alumina Plant. On

December 31, 2000, the Alumina Plant was sold to BPU Reynolds, Inc. ("BPU"). The Sherwin Alumina

Company, a division of BPU, now owns and operates the Alumina Plant. Reynolds did not sell to BPU the

San Patricio Plant property (the former smelter site), as well as other land adjacent to the Alumina Plant. Thus,

Reynolds continues to own approximately 1295 acres of the original San Patricio Plant arid other industrial

property adjacent to the Alumina Plant (the Site) (Figures 1 and 2).
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Land use in the Site vicinity is primarily agricultural and industrial. North of the Site the land use is

agricultural (farmland). A raw water impoundment operated by the San Patricio Municipal Water District

(SPMWD) is located across State Highway 361 to the north. East ofthe Site are chemical plants operated by

E.!. Du Pont De Nemours (DuPont) and Occidental Chemical Corporation (OxyChem), and the SPMWD water

treatment facility. West of the Site the land is primarily agricultural, and is owned by the Port of Corpus

Christi Authority. Corpus Christi Bay lies to the south ofthe Site. The nearest residential area is the City of

Gregory, located approximately 12mile to the northeast of the Site.

The specific waste management areas that the GWMP addresses are the Bed 22 Landfill, the Bed 24 Landfill,

and the Facility 200 Bauxite Residue Area (Figure 2). These units are described in detail in the GWMP.

1.2 Site Hydrogeology

The Site is located in the GulfCoast Plain Province ofTexas. The stratigraphy ofthe GulfCoast Plain consists

of a thick sequence offluvial-deltaic sediments deposited as a wide belt generally trending northeast parallel to

and dipping gently toward the present Gulf coast. The fluvial-deltaic sediments consist of alternating

sequences ofunconsolidated to partially consolidated silt, clay, and sand. The upper 60 feet of sediment at the

Site has been differentiated into water-bearing and non-water-bearing units, as described below.

The unsaturated zone at the Site consists of 6 to 18 feet ofclay and silty clay ofthe native Beaumont Formation

(Unit 1 Clay). Underlying the Unit 1 Clay is 4 to 17 feet of fine- to medium-grained silty sand (called Zone

A), which is generally continuous across the Site. Zone A is underlain across the Site by 29 to 51 feet ofhigh

plasticity clay and silty clay (the Unit 2 Clay). A deeper sand unit (Zone B) underlies the Unit 2 Clay and

consists of fine- to medium-grained silty sand. The thickness of the Zone B Sand at the Site has not been

established.

Groundwater in Zone A is described as semi-confined and flows generally to the south or southeast toward

Corpus Christi Bay (Figure 3). Groundwater mounds are present in Zone A beneath Facility 200, and beneath

water impoundments such as the Raw Water Lake, the Decant Pond and the Duck Pond (Figure 3).

Groundwater in Zone B also flows generally to the south.
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Zone A and B contain groundwater of poor quality, as demonstrated by the high concentrations of total

dissolved solids (TDS). The TDS concentration from a sample from Zone A background monitoring well

PMW-16 was 26,400 mg/L, The TDS concentrations in Zone B average approximately 11,085 mgIL.

1.3 Site Investigation Summary

Reynolds conducted a Baseline Groundwater Investigation in 2001/2002 at Facility 200, the Bed 22 Landfill,

and the Bed 24 Landfill. The investigation indicated that COCs related to historical waste management

operations (metals, cyanide, and fluoride) were present in groundwater, and that groundwater in the uppermost

water bearing zones (Zone A and Zone B) was a Class 3 resource. At the time of the report submittal, all

concentrations ofCOCs in groundwater were below the applicable residential assessment levels (i.e., protective

concentration limits or PCLs). Reynolds reported these data to the Texas Commission on Environmental

Quality (TCEQ) (MFG, 2002). In early 2002, the Class 3 groundwater PCL (GWGWClass 3) for arsenic was

revised downward (to 1.0 mg/L), Since arsenic had been detected in samples from two monitoring wells at

concentrations greater than 1 mg/L, the Site was considered an "affected property". The TCEQ requested that

an affected property assessment be performed.

Field investigations in support of an affected property assessment were conducted in 2002 and an Affected

Property Assessment Report (APAR) was submitted to TCEQ on October 28, 2002 (Alcoa, 2002). TCEQ

requested additional field investigation, which was conducted in mid-2003. An APAR Addendum was

submitted in July 2003 (Alcoa, 2003). The APAR was approved by TCEQ in a letter dated November 4,2003.

In that letter, the TCEQ requested that Reynolds conduct groundwater monitoring at the Site for an initial

period of 18 months.

The conclusions of the APAR were as follows:

1) Arsenic was detected above applicable PCLs in samples from two monitor wells completed in
Zone A at the Bed 22 Landfill. The PCL exceedance zone (pCLE zone) is contained within
the on-site property (Figure 2).

2) No other COCs were detected above applicable PCLs in groundwater samples in either Zone
A or ZoneB.

3) No COCs were detected above applicable horizontal and vertical assessment levels in surface
soil and subsurface soil samples collected at Facility 200.

4) The two uppermost water-bearing zones (Zones A and B) are Class 3 groundwater resources,
based on data collected during the Baseline Groundwater Investigation and the APAR.
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5) The groundwater-to-surface water pathway is incomplete.

The arsenic concentrations in groundwater are likely related to the seepage from the landfill, which contains

bauxite residue (and associated alkaline process waters) and aluminum plant wastes.

1.4 Groundwater Monitoring Program

The groundwater monitoring program objectives, program design, field procedures, and data evaluation

procedures are described in detail in the GWMP. A summary of the program follows..

As described previously, the overall objective of groundwater monitoring at the Site is to cost-effectively

monitor the groundwater pathway for the protection ofhuman health and the environment.

Groundwater monitoring is required at the Site for the following reasons:

1) Groundwater monitoring is required, under certain conditions and at certain areas, by the
Alcoa Bauxite Residue Management Standards and Guidelines and the AWAC Best
Management Practice for Addressing Caustic Contamination of Soil and Water. The Facility
200 bauxite residue area and Beds 22 and 24 (since they contain bauxite residue) are areas that
require groundwater monitoring per these standards.

2) The TCEQ, in a letter dated November 6, 2003, requested that Alcoa initiate a groundwater
monitoring program, based on the results of the APAR and the pending submittal of the
Response Action Plan (RAP). TCEQ requested that Alcoa conduct monitoring on a quarterly
basis for an initial period of 18 months.

Given the requirement of groundwater monitoring, a monitoring program was developed that considered the

specific Site COCs (arsenic, cyanide and fluoride), the location of the PCLE zone and other areas where Site

COCs were elevated, the data needs related to the development of the Site RAP, the unique physical and

chemical characteristics ofbauxite residue disposal areas, site hydrogeology, and groundwater-surface water

interactions.

All ofthese issues were considered when developing the appropriate groundwater monitoring program for the

Site, including the monitoring network, the analytical program, the frequency ofmonitoring, and the methods

and procedures to be used for monitoring.
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Based on the spatial distribution ofexisting wells, the historical chemical data for each well, groundwater flow

direction, and the objectives of the monitoring program, 25 wells were chosen for groundwater sampling

(Table 1, Figure 2).

The following monitoring objectives were considered to develop the list of groundwater monitoring

parameters:

1) Monitoring of the primary cac (arsenic)

2) Monitoring of other chemicals related to historic waste management activities (cyanide,
fluoride);

3) Monitoring of indicator parameters for evaluation of bauxite residue related impacts
(aluminum, arsenic, fluoride, selenium, sodium, pH, redox potential);

4) Monitoring of parameters that will allow for evaluation of groundwater mixing between waters
at the Site (cations/anions, field parameters);

5) Monitoring of parameters to allow for the detailed evaluation of arsenic fate and transport in
groundwater (iron, silicon, manganese, nitrate, field parameters).

The analyses ofgroundwater samples collected as part of this monitoring program will be consistent with the

TCEQ TRRP-13 Guidance Document, Review and Reporting ofcac Concentration Data (TCEQ, 2002).

Groundwater sampling will be conducted on a quarterly basis for an initial period of 18 months (six events).

As shown on Table 1, not all wells are sampled each quarter, and not all wells are sampled for all parameters

each quarter. After the first six quarterly monitoring events, the monitoring program will be evaluated, and the

GWMP revised if necessary.
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2.0 RESULTS OF GROVNDWATER MONITORING

2.1 Water-Level Measurement

Water-measurements were collected from monitoring wells at the Site on September 13, 2004 (Table 2, field

records in Appendix A). These measurements were converted to water-level elevations, plotted, and contoured

(Figures 3 and 4).

The generalized Zone A and Zone B potentiometric surfaces based on September 13,2004 measurements

(Figures 3 and 4, respectively) are similar to previous potentiometric surface maps based on earlier data.

Groundwater in Zone A flows generally to the south or southeast toward Corpus Christi Bay (Figure 3).

Groundwater mounds are present in Zone A beneath Facility 200, and beneath water impoundments such as

the Decant Pond and the Duck Pond. Groundwater in Zone B also flows generally to the south.

2.2 Field Measurements

Field measurements of pH, temperature, specific conductance, turbidity, and oxidation/reduction potential

(ORP) were made during well purging operations prior to the collection of groundwater samples. Complete

records of these measurements are contained in Appendix A and summarized in Table 3.

2.3 Laboratory Analyses

2.3.1 General Chemistry

General chemistry parameters in this groundwater monitoring program include the cations/anions suite (Table

1) as well as certain metals that are not chemicals of concern at the Site (aluminum, iron, manganese,

selenium). The results of the analyses conducted for this quarter (as well as all historical results) are

summarized in Table 3 (cation/anions) and Table 4 (metals). The general chemistry parameters exhibited a

wide range of concentrations across the Site.
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2.3.2 Chemicals of Concern

The primary chemical of concern at the Site is arsenic. Arsenic is the only compound measured in

groundwater samples at the Site in excess of the applicable TRRP PCL. Other COCs include cyanide and

fluoride.

Arsenic was detected in the sample from well BMW-4 at a concentration greater than the TRRP PCL for Class

3 groundwater (Table 4). Arsenic was previously detected in samples from this well and at concentrations

greater than the PCL, and the area near this well represents the PCLE zone for the site.

Arsenic was also detected in the sample from well PMW-5 at a concentration (1.44 mglL) greater than the

GWGWClass 3 PCL. The concentration of arsenic in the initial sample collected from this well in 200 1 was 0.53

mgIL.

Cyanide and fluoride were not detected above the respective GWGWClass 3 PCLs in any sample collected during

this quarter (Table 3).

2.4 Summary of QA/QC Results

A QAJQC review of the analytical data was conducted, consistent with the TCEQ TRRP-13 Guidance

Document, Review and Reporting ofCDC Concentration Data (TCEQ, 2002). This review consisted ofthe

preparation of the Laboratory Review Checklists (LRCs) (contained in Appendix B of this report) by the

laboratory, which are used to document the level of the laboratory's review and the results of that review. A

Data Usability Review was also conducted, the results of which are documented in the Data Usability

Summary (DUS) (Appendix C). The conclusion of the Data Usability Review is that all the data collected

during this quarter are suitable for their intended use, with the qualifications listed in Table C-2 in Appendix C.
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IF>1]r ~AISMITH iDi ENGINEERING, INC.
~~ Ul ' ENGINEERING° ENVIRONMENTAL' SURVEYING

Est. 1949

September 18, 2007

Texas Commission on Environmental Quality
Water Quality Assessment Team MC-ISO

·P.O. Box 13087
Austin, Texas 78711-3087
ATTN: April Hoh, TCEQ Geologist for Water Quality Assessment Team

RE: Sherwin Alumina Company, (Permit No. WQ0004788000)
Groundwater and Soil Sample Analyses for 2007
CN600669071; RN 104914312

Dear Ms. Hoh:

On behalf of our client, Sherwin Alumina Company (SAC), Naismith Engineering, Inc.
(NEI) is submitting the required groundwater monitoring results for the 2007 monitoring
year as required by the permit (PermitNo. WQ0004788000r NEI is also submitting ,
annual soil analyses of the land application area for 2007, also required by the permit.

SAC is not applying sludge materials or wastewater to the permitted area at the facility 'at
this time. As indicated in the permit, if SAC is not going to conduct application it is
required by the permit to give written notice that the deposition of wastewater and sludge
materials are not being applied. SAC -requests that the annual soil analyses required by
the permit be suspended until sludge materials .and wastewater application is ready to
take place at the facility. SAC does not plan to deposit these materials in the near future
due to.the construction of the pipeline that is necessary to·supply the materials to the site.

Groundwater samples will continue to be collected as approved in .the permit and
. reported to the TCEQ annually. However, SAC respectfully requests that the subinission
of soil analyses be suspended until the application of the sludge materials and wastewater
are ready to proceed. ' '. . .

At this time the groundwater .analyses and soil sampling analyses for the future land .
.application area are being submitted for the 2007 monitoring year. Should you have any
questions or concerns regarding the sampling results do not hesitate to contact Ter~ld
Smith, NEI or Tom Ballou, SAC for assistance. ' . . . . , '

361.814°9900 FAX 361081404401 4501 GOLUHAR RD . CORPUS CHRISTI ,TX 78411

P.O. BOX 3099 ° CORPUS CHRISTI , TX 7846303099
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Gregory, Texas
Groundwater Monitoring Well Ga uging Table

Sampl e Date: 04/05/07 04/04/07 04105107 04 /06/07 04/0 5/07 04/04/07 04/06/07 04/06 /07 04/06/07 04/06/07 04/06/07 04/04/07

Parameter Test Method Units MW-1 MW -3R MW -4 MW -5 MW-6R MW -7 MW -8 MW-9 MW-10 OUP-1 MW-11 OB-5

Bed 1 and Bed 2 ,.
Tota l Dissolved Solids 160.1 moll 5900 45 000 42000 28 000 28 000 7100 27,000 22,000 19,000 19,000 22,000 30,000

Alk alinitv 2320B moll 96 240 270 340 360 540 410 430 600 600 750 440
Nitr ate as N 300.0 mol l <0.5 <5 H <5 H <5 H 2.4 J H 0.52 <5 H <5 H <5 H <5 H <5 H <5 H

Nitrate Nitrite as N 300 .0 moll 1.8 J 10 7.7 <0.5 2.9 J 2.3 J <0.50 <0.50 <0.50 <0.50 <0.50 4.1 J
Tota l Kie ldahl Nitroo en 351.2 moll 0.571 B 0.469 B 2 0.177 U 0.596 B 32.8 0.798 B 0.642 B 0.623 B 0.612 B 0.177 U 0.764 B
Total Oroanic Nitrooen 35 1.2 moll <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1

Chloride 300 .0 mol l 2,800 22 ,000 20,000 14,000 12,000 4,000 12,000 11,000 6,800 7,900 10,000 14,000
Sulfate 300.0 moll 590 7,100 8,100 5,700 5,800 2,600 6,100 3,700 5,300 5,300 4,300 5,200
Fluoride 340.2 mall 0.85 0.68 0.74 0.44 0.95 0.14 0.80 1.1 0.64 0.64 0.59 0.65

Ammonia 350.1 moll 0.25 0.19 J 1.9 <0.20 <0.20 40 <0.20 <0.20 0.07 J 0.16 J 0.075 J 0.15 J
Mercury 747 0A moll <0.0020 0.00025 J <0.0020 <0.0020 0.00094 J <0.0020 <0.0020 0.00028 J <0.0020 <0.0020 <0.0020 <0.0020

Hardness as Calcium Carbonate 234 0B moll 1,000 8,700 9,100 7,600 4,400 5,100 5,400 6,200 3,800 3,700 8,700 5,500

Alumi num 6020 uo/l 160 <50 45 J <50 <50 <50 <50 <50 <50 <50 <50 <50
Arsenic 6020 uo/l 4.8 J 5 11 4.2 J 1.6 J 5.9 1.5 J 4.2 J 1.9 J 1.5 J 2.8 J 1.7 J
Barium 6020 uo/l 350 22 J 38 J 32 J B 20 J 55 19 J B 52 B 18 J B 18 J B 31 J 49 J
Boron 6010B uo/l 0.97 9.5 12 5.6 15 7.7 9.4 4.3 0.13 13 6.9 8.2

Cadmium 6020 uo/l <5 <5 <5 <5 <5 <5 <5 <5 <5 <5 <5 <5
Calcium 6010B uo/l 130 1,100 840 1,000 750 700 880 1,300 580 570 950 750

Chromium 6020 uo/l <20 <20 <20 <20 <20 <20 <20 <20 <20 <20 <20 <20
CoDoer 6020 uo/l <20 <20 <20 <20 <20 <20 <20 7.3 J 6.3 J 6.2 J 14 J <20

Iron 6020 uo/l 240 J <500 9,600 100 J <500 690 <500 <500 <500 <500 <500 110 J
Manoanese 602 0 uq/L 1,800 540 2,000 560 47 1,700 99 65 710 700 150 1,100
Maonesium 6010B uo/ t, 160 1,500 1,700 1200 620 800 790 740 580 570 1,500 880

Nickel 6020 uq/L 10 4.2 J 5.3 J 8.7 J 4J 1.5 J 7.1 J 16 10 11 9.6 J 12
Phosohorus 6010B uo/l <1 <1 0.33 J <1 <1 2.2 <1 <1 47 <1 <1 <1

Potassium 6010B uo/l 17 B 68 B 54 B 44 22 B 39 B 24 29 18 18 22 B 46 B
Si02, Silica 6010B uo/t, 13 47 15 32 30 18 26 77 23 34 40 25

Sodium 6010B uo/l 1,800 12,000 9 500 6900 7,500 8,100 7,000 4,600 4,800 4,700 16,000 7,900

Vanadium 6020 uq/l, 9.5 B 21 B 3.4 J B 5.1 B 9.6 B 3.1 J B 4.7 J B 20 B 7.5 B 7.9 B 24 B 2.8 J B

Ar oclor 1016 8082 uo/l <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1

Aro cior 1221 8082 ug/l <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1

Aro clor 1232 8082 uo/l <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1

Ar ocior 1242 8082 uo/l <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1

Aroclor 1248 8082 uq/l, <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1

Arocior 1254 8082 uq/L <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1

Aroclor 1260 8082 uq/L <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1

Aroclar 1262 8082 uo/t, <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 < 1 <1

Arocior 1268 8082 uo/L <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 < 1 <1

Data Reporting Qualifiers
Total Kjeldahl Nitrogen Qualifiers
U = Indicates that the analyte was analyzed but not detected .
B = (Organi cs only) Indicates that the analyte is an estimated value between the Reporting Limit (Rl) and the Method Detection Limit (MOL)

Metals
B = Compound was found in the blank and sample
J = Result is less than the Rl but greater than or equa l to the MOL and the concen tration is an app roximate value.

General Cnemistry
J = Result is less than the Rl but greater than or equal to the MOL and the concetration is an approximate value.
H = Sample was prepared or analyzed beyond the specified holding time.
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Sherwin Alumina Company Facility 204
Gregory, Texas

Groundwater Monitoring Results Tab le

Sample Date : 04/11/07 04/11/07 04/11/07 04/11/07 04/11/07 04/11/07 04/ 12/07 04/12/07

Paramete r Test Method Units MW3-1 MW3-2 MW3-3 DUP-3 MW3·4 MW3·5 MW3-6 MW3-7

, . .. . ... . ." '.' .. ...... Bed 3 .: ' " ':. : .•: ' '.S . ,":.,.:. :

Total Disso lved Solids 160.1 mall 36,000 32,000 3,300 12,000 49 ,000 37,000 34,000 10,000
Alkalinity 2320B mall 230 240 <5 56 230 220 320 34

Nitrate as N 300.0 mall <2.5 <2.5 12 10 <2.5 <2.5 <2.5 9.9
Nitrate Nitrite as N 300 .0 mall <2.5 <2.5 11 10 <2.5 <2.5 0.82 8.3

Total Kie ldahl Nitroqen 351.2 rno/L 0.749 B 0.535 B 0.177 U 0.917 B 1.21 0.177 U 0.763 B 0.729 B
Total Orqan ic Nitroqen 351 .2 mall <1 <1 <1 <1 1.1 <1 <1 <1

Chloride 300.0 mall 17,000 15,000 1,700 5,400 23,000 17,000 13,000 3,000
Sulfate 300 .0 mall 5,000 6,100 360 2,700 6,40 0 68,000 5,300 1,800
Fluoride 340.2 rnc/l, 0.89 0.93 0.14 0.44 0.95 1.3 1.1 0.42

Ammonia 350.1 rnq/L <1 <1 0.13 J 0.12 J 0.13 J 0.066 J <0.20 0.29
Mercury 7470A mall <0.0020 <0.0020 <0.0020 <0.0020 <0.0020 <0.0020 <0.0020 <0.0020

Hardness as Calcium Carbonate 2340B mall 7,500 6,500 7,900 7,700 10,000 7,400 7,500 5,600

Aluminum 6020 uq/l, <50 <50 <50 26 J <50 <50 <50 <50
Arsenic 6020 uo/l, 1.4 J 2.1 J 2.8 J 3.2 J 2.1 J 2J 2.1 J 2.3 J
Bariu m 6020 uo/l, 23 J 28 J 25 J 25 J 32 24 J 30 27 J
Boron 6010B uq/l 12 13 11 12 10 13 13 10

Cadm ium 6020 uo/L <5 <5 <5 <5 <5 <5 <5 <50
Calci um 6010B uo/l, 1,000 760 1,000 1,000 1,200 970 950 690

Chromium 6020 uc/l, <20 <20 <20 <20 <20 <20 <20 <20
Copper 6020 uc/l, <20 <20 <20 <20 <20 <20 <20 <20

Iron 602 0 uc/l, <500 <500 470 J 480 J 480 J <500 <500 <500
Mancanese 6020 uc/L 710 92 990 1,000 3,100 60 890 240
Maqnesium 6010B uq/L 1,200 1,100 1,300 1,300 1,800 1,200 1,200 930

Nicke l 6020 uq/L 4J 1.6 J 3.9 J 3.9 J 5.1 J 1.4 J 3.1 J 2.4 J
Phosp horus 6010B uc/l, <4 <4 <4 <4 <4 <4 <4 <4
Potassium 6010B uq/L 37 42 48 46 110 65 49 32

Si0 2, Silica 6010B uc/l, 32 29 30 31 28 32 39 31
Sod ium 6010B uo/], 8,800 8,200 9,000 8,600 13,000 9,800 8,800 7,500

Vanadium 602 0 uo/l, 3.6 J B 5.4 B 3.5 J B 3.3 J B 4JB 5.1 B 3.6 J B 7.4 B

Aroclor 1016 8082 uc/l, <1 <1 <1 <1 <1 <1 <1 <1
Aroclor 1221 8082 uc/l, <1 <1 <1 <1 <1 <1 <1 <1
Aroclor 1232 8082 uc/L <1 <1 <1 <1 <1 <1 <1 <1
Aroclor 1242 8082 uc/l, <1 <1 <1 <1 <1 <1 <1 <1
Aroclor 1248 8082 ua/l <1 <1 <1 <1 <1 <1 <1 <1
Aroclor 1254 8082 uc/l. <1 <1 <1 <1 <1 <1 <1 <1
Aroclo r 1260 8082 uq/l, <1 <1 <1 <1 <1 <1 <1 <1

Aroclor 1262 8082 uq/L <1 <1 <1 <1 <1 <1 <1 <1
Aro clor 1268 8082 uo/l, <1 <1 <1 <1 <1 <1 <1 <1

NEI Page 1 of 3 Print Date: 9/18/2007 1:29 PM



Sherwin Alumina Company Facility 204
Gregory, Texas

Groundwater Monitoring Results Table

..' .,. ,.:' .-" ,'.!'., '" J , : ....".: """ ..•. ' ' , .." •.," ' ., .:.:. ...> . Bed4' · ;· -":: .... ., ... . .- - .
....
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Sample Date: 04/09/07 04/09/07 04/10107 04/09/07 04/09 /07 04/10107 04/10107 04/10107

Parameter Test Method Units MW4-1 MW4-2 MW4-2A MW4-3 MW4-4 MW4-7 DUP-2 MW4-7A

Total Dissolved Solids 160.1 mq/l, 25,000 45,000 35,000 37,000 33,000 33,000 32,000 34,000
Alkalinity 2320B mq/l 250 270 280 200 190 240 240 260

Nitrate as N 300.0 moll <10 <5 1.5 J 2.4 J 2J <5 <5 <5
Nitrate Nitrite as N 300.0 mg/l <5 <5 1.3 J 0.83 J 2.1 J <2.5 <2.5 <2.5

Total Kjeldahl Nitrogen 351.2 mg/l 0.784 B 1.76 0.934 B 0.925 B 0.769 B 0.498 B 0.468 B 0.463 B
Total Orqanic Nitroqen 351.2 mq/l <1 1.3 <1 <1 <1 <1 <1 <1

Chloride 300.0 mq/l 12,000 22,000 16,000 19,000 14,000 15,000 14,000 17,000
Sulfate 300.0 mq/l 5,300 6,800 6,300 5,900 6,400 5,100 5,100 5,200
Fluoride 340.2 mq/l 0.61 0.81 0.27 1 1.1 0.80 0.78 0.93

Ammonia 350.1 mq/l 0.14 J 0.43 <0.20 0.16 J <0.20 <0.20 <0.20 <0.20
Mercury 7470A mq/l <0.0020 <0.0020 <0.0020 <0.0020 <0.0020 0.00021 J 0.00021 J <0.0020

Hardness as Calcium Carbonate 2340B mq/l 6,100 10,000 8,400 8,700 7,100 6,200 6,200 6,500

Aluminum 6020 uo/l, <50 <50 <50 <50 <50 27 J <50 <50
Arsenic 6020 uo/l, 3.4 J 15 2.8 J 1.6 J 1.6 J 1.5 J 1.1 J 2.4 J
Barium 6020 ug/l 24 J 74 37 26 J 23J 29 J 28 J 41
Boron 6010B uq/l 7.4 10 7.4 9.6 11 9.9 15 11

Cadmium 6020 uq/l <5 <5 <5 <5 <5 <5 <5 <5 ·
Calcium 6010B ug/l 940 1,200 1,200 1,100 1,000 840 850 730

Chromium 6020 uq/l <20 <20 <20 <20 <20 <20 <20 <20
Copper 6020 uq/l <20 <20 <20 <20 <20 <20 <20 <20

Iron 6020 uq/l <500 3,900 <500 <500 <500 <500 <500 <500
Manqanese 6020 uo/l, 1,500 3,900 500 13 29 370 360 1,200
Maqnesium 6010B uu/l, 910 1,700 1,300 1,400 1,100 990 1,000 1,100

Nickel 6020 uq/l 5.1 J 7.3 J 9.2 J 1.5 J 1.9J 2.1 J 2.4 J 3.9 J
Phosphorus 6010B uq/l, <2 <4 <4 <4 <4 <4 <4 <4
Potassium 6010B uq/l 34 69 52 53 41 49 50 61
Si02, Silica 6010B uq/l 28 34 40 30 28 25 38 27

Sodium 6010B ug/l 6,200 12,000 8,700 9,700 8,400 7,800 7,700 8,900
Vanadium 6020 uq/l 5.3 B 2.7 J B 10 B 3.9J B 4.2J B 3.3J B 3.3J B 6.4 B

Aroclor 1016 8082 uq/l <1 <1 <1 <1 <1 <1 <1 <1
Aroc lor 1221 8082 uq/l <1 <1 <1 <1 <1 <1 <1 <1
Aroc lor 1232 8082 uq/l <1 <1 <1 <1 <1 <1 <1 <1
Aroclor 1242 8082 uq/l <1 <1 <1 <1 <1 <1 <1 <1
Aroclor 1248 8082 uo/l, <1 <1 <1 <1 <1 <1 <1 <1
Aroclor 1254 8082 uq/l <1 <1 <1 <1 <1 <1 <1 <1
Aroclor 1260 8082 uq/l <1 <1 <1 <1 <1 <1 <1 <1
Aroclor 1262 8082 uq/l <1 <1 <1 <1 <1 <1 <1 <1
Aroclor 1268 8082 uq/l <1 <1 <1 <1 <1 <1 <1 <1
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Summary Table of Bauxite Residuals
August 10, 2007

Sherwin Alumina Company, Facility 204, San Patricio and Aransas Counties, Texas

Parameter Test Method Units
Reporting 1 NW 12- 1 NW 24- 1 NW6- SE 2 6- SE 1 24- SE 212-

Limits inches inches inches inches inches inches
Conductiv ity 120.1 umhos/cm 1 3,330 3,630 4,920 5,560 2,870 3,330
Corrosivity (pH - Solids & Wastes) 9045C pH Units 0.10 10.2 10.3 10.1 9.98 10.2 10.2

Nitrogen, Nitrate as N-S 9056 mg/Kg 5 <5 5.54 8.41 20.40 5.16 6.12
Nitrogen, Total Kieldahl as N (TKN) EPA 351.2 mg/Kg 40.00 54.9 57 139 105 46.20 38.60
Nitrogen, Ammonia as N (NH3-N) SM 4500 mg/Kg 5.00 <5 <5 <5 <5 <5 <5

Calcium (Ca) SW 6010B mg/Kg 490 16,000 34,800 24,000 24,600 35,100 31,800
Magnesium (Mg) SW 6010B mg/Kg 196 304 418 475 383 445 379
Potassium (K) SW 6010B mg/Kg 762 <762 <784 <727 <784 <784 <755

Sodium Adsorption Ratio (SAR) 20B N/A N/A 93.40 141 205 570 143 165
Calcium 20B mg/L 7.62 6.27 4.69 1.37 4.60 5.53
Magnesium 20B mg/L 0.37 0.16 0.54 0.55 0.36 0.25
Sodium 20B mg/L 973 1310 1760 3120 1180 1460

Cation Exchange Capacity 9081 meg/100gm 0.001 25.80 9.70 23.60 34.20 19.10 18.40

.:"..» ·..,·c · :, :.c:", . "" ;:..':" , , '. . .... .'. ;'-,,/-: . ~." . c" ::L ' : . , , ~Meh lich 1II&:Water:HoldingCapacity '" " .: : '. , . " .. '
. ... .. ...: .... .....:. . ;.,

Water Holding Capacity (1/3 Bar Moisture) SSSA pt4 Wt% 0.1 32.90 37.80 34,80 29.30 30.10 31.40
Calcium SW 6010B ppm 5.00 525 489 427 557 583 584
Magnesium SW 6010B ppm 5.00 7.45 8.02 13.2 14.8 9.16 6.32
Phosphorus SW 6010B ppm 5.00 <5 <5 <5 <5 <5 <5
Potassium SW 6010B ppm 5.00 246 249 418 380 177 174
Sulfur SW 6010B ppm 5.00 41.90 45.50 103 111 57.50 44.10

Laboratory analysis conducted by Test America, Inc . Laboratories - Houston & Corpus Christi, Texas and by
Energy Laboratories, Inc. , College Station, Texas
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EF Search:Recent Additions I Contact Us I Print Version

~PA Home> ];nvi rQfacts > SDWIS > Query

u.s. Environmental Protection Agency
Safe Drinking Water Information System "\
(SOWIS)

Query Results

Query Selections:
State selected: TEXAS
County selected: SAN PATRICIO
Population Selected : Very Small (0-500), Small (501-3,300), Medium (3,301-10,000), Large (10,001
100,000), Very Large (100,000+)
Water System Status: active
Query executed on: NOV-07-2007
Results are based on data extracted on : OCT-12-2007

List of Water Systems in SDWIS

Information about water systems in TEXAS is maintained by Iexas Natural R~source Cons Com.

To obtain additional information about dr inking water please call EPA's Safe Drinking Water hotline at 1
800-426-4791.

Community Water Systems: Wate r Systems that serve the same people year-round (e.g. in homes or
businesses).

Iwater System Namel
County(s) E.Qp-.!,l lat icw. Primjl.LY WCljer $Q.yn;_~ Water

Served Served ~ System 10

CLTLOF A8ANS~S. SAN
1861011 Purch_surface_water TX2050015

PASS PATRICIO

ICITY OF GREGORY 1
SAN 2453

11
Purch_surface_water TX2050001

PATRICIO

ICITY OF INGLESIDE ISAN
9800

11
Purch_surface_water TX2050002

PATRICIO

CITY OF INGLESJ J.2f; SAN
966

11

Purch_surface_water TX2050071
ON THE BAY PATRICIO

ICITY OF MATHIS ISAN 5034
11

Surface_water TX2050003
PATRICIO

ICITY OF aDEM ISAN 2499
11

Purch_surface_water TX2050004
PATRICIO

ICITY OF PORTLAN DI
SAN

1700011 Purch_surface_water I TX2050005PATRICIO

ICITY OF SINTON ISAN 1137611 Groundwater II TX2050006PATRICIO

ICITY OF TA FT ISAN 3396
11

Purch_surface_water " TX2050007PATRICIO

1 ~IlY_~I,._STATION IlsAN
2900

11
Purch_surface_water " TX2050072

http : //oaspub . epa.gov/enviro/sdw_query_v2 .get_l ist?wsys_name=&fac_search=fac_beginn~ . . I I /7/2007
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IINGLESIDE IlpATRICIO II II
RINCON WSC SAN

870
11

Purch_surface_water IIActive TX20S00S6DIVISION I PATRICIO

RINCON WSC SAN
273

11
Purch_surface_water r- TX20S00S7PIVISION II PATRICIO

RINCONWSC SAN
94sII Purch_surface_water r- TX20S006SDIVISIQN III PATRICIO

RURAL EAST SAN
870

11
Purch_surface_water IIActive TX20S0073WATER SYSTEM PATRICIO

I~AL~lE'AJ"Jl, _~S_C I SAN
42sII Groundwater IIActive II TX20S0010PATR ICIO

SAN PATRICIO SAN
417

11

Groundwater IIActive II TX20S0070COUNTY MUD 1 PATRICIO

ISAN PATRICIO I SAN 279
11

Surface_water .- II TX20S0011MWD PATRICIO

ISEA~QARD WSC I SAN 270
11

Purch_surface_water IIActive II TX20S0063PATRICIO

Non -Tran s ient Non-Community Water Systems: Water Systems that serve the same people, but not
year-round (e.g. schools that have their own water system).

IWater System Name I
County(s) Populat ion Primary Wate r Source II System II Wate r

Served Served ~ Statu s System 10

SHERWIN ALUMINA SAN

I
740

11

Purch surface water IIActive II TX20S0048 IGREGORY PATRICIO - -

WELDER WILDLIFE SAN

I
30

11
Groundwater IIActive II TX20S0008 1FOUNDATION PATR ICIO

Transi ent Non-Com munity Water Systems: Water Systems that do not consisten tly serve the same
people (e.g. rest stops, campgrounds , gas stat ions).

I Water System Name
I

C()u ntY(~J Po-p.!J latiQJ1 PdJ1H!Iy_Wl::!1(:lI
II ~{~; II Sy"tt~~rIO IServed Served Source Type

ICAMP GREEN HILL I SAN
I

100
11

Groundwater IIActive II
TX20S0023 IPATRICIO

ICAMP KARANKAWA ISAN
I

2S011 Groundwater IIActive II
TX20S0022

IPATRICIO

ILAKESIDE RV PARK ISAN
I

28
11

Groundwater IIActive
II

TX20S0017
IPATR ICIO

TPWD LAKE CORPUS SAN

I Sooll Groundwater IIActive
II

TX20S0016
ICHRISTI SP PATRICIO

- - - -------- - - - - - - - - - - -----,-
EPA Home I Privacy and Security Notice IContact Us

Last updated on Wednesday, November 7th, 2007
http ://oaspub .,epa.gov/enviro/sdw_query_v2.qetIist

http://oaspub.epa.gov/enviro/sdw_query_v2.get_list?wsys_name=&fac_search=fac_beginn... i1 /712007
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u.s.. Environmental P,ofection Agency
Safe Drinking Water Information System "\
(SDWIS)
Recent Additions I Contact Us I Print Version EF Search:

EPA Home> Envirofacts > SOWIS > Query

Query Results

sovas
Query Selections:

State selected : TEXAS
County selected: ARANSAS
Population Selected: Very Small (0-500) , Small (501-3,300), Medium (3,301-10,000), Large (10,001
100,000), Very Large (100,000+)
Water System Status: active
Query executed on: NOV-20-2007
Results are based on data extracted on : OCT-12-2007

List of Water Systems in SDWIS

Information about water systems in TEXAS is maintained by leX;;1JL~atL!.G'lJB.esQt,lLGJLG_ons G..9m .

To obtain additional information about drinking water please call EPA's Safe Drinking Water hotline at 1
800-426-4791. ._-_ _-_ _ _ _-_.._ .._..__.._-_ _ _--_ _.__ _ _ _--_ _--
Community Water Systems : Water Systems that serve the same people year-round (e.q. in homes or
businesses).

I Water System Name I Countyl~ Pogulati on p rimary Water Source II .system Wate r
Served IyM II Status ~stem 10Served

IARANSAS COUNTY
IIARANSAS II 256

11

Groundwater I~I TX0040042 IMUD 1

CITY OF ROCKPQRT

IARANSAS 1[3 EJPUJ~tlC W6TEB Purch_surface_water TX0040002
SUPPLY

C_Q..E6 NO_G..OVE
IARANSAS II 1080

11
Purch_surface_water IIActive II TX00400031SUBDIVISION

COPANO HEIGHTS
IARANSAS II 228

11
Purch_surface_water I~I TX0040017IWATER CO

C....QPANO RIDGE
IARANSAS II 590

11
Purch_surface_waterI~I TX0040029 ISUBDIVISION

IHOLIDAY BEACH WSC IIARANSAS II 168611 Groundwater IIActive II TX0040015 I

ILAMARWSC IIARANSAS II 60011 Groundwater IIActive II TX0040018 I

Non-Transient Non-Community Water Systems: Water Systems that serve the same people , but not
year-round (e.q, schools that have their own water system).

No systems were found.

http://oaspub.epa.gov/enviro/sdw_query_v2.get_list?wsys_name=&fac_search=fac_begin...1 1/20/2007
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Transient Non-Community Water Systems: Water Systems that do not consistently serve the sam e
people (e.g. rest stops, campgrounds, gas stations) .

I
Water System Name II C~~~~:~S) II p':i~~~a~~on Primary Water System Water

SOYrc~ Type $l~JlJs System ID

ARANSAS NATIONAL

IARANSAS 10 EJWILOLl I:J;_B.EE!..!<:2E Groundwater TX0040039
VISITOR

ICIRCLE W RV RANCH IIARA NSAS II 82211 Groun dwater IIActive II TX0040050 I
FRONT IER FISHING

IARANSAS
II

15
11

Groundwater IIActive
II

TX0040013
ILODG_I;

LIVE OAK GOLF
IARANSAS

II
40

11

Groundwater IIActive
II

TX00 4003 1
ICOUNTRY CLUB

SEAPORT VILLAGE RV
IARANSAS

II
25

11

Groundwater IIAct ive
II

TX0040054
IPARK

TPWD GOOSE ISLAND
IARANSAS

II
600

11

Groun dwater IIActive
II

TX0040032
ISTATE PARK

---------------------------,-
Last updated on Tuesday, November 20th, 2007

http://oaspub .epa.gov/enviro/sdw_que ry_v2.geUist

http://oaspub .epa.gov/enviro/sdw_query_v2.get_list?wsys_name=&fac_search=fac_begin ... 11/20/2007
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r-

U.S. Environmental Protection Agency
Safe Drinking Water Information System -'
(SDWIS)
Recent AdQ..~ I Contact Us I Print Version EF Search:

EeA1::Iom.e > Envi[Qf.a~ :> SQWlS > Query

SDWIS Violation Report

CITY OF GREGORY

VICTORIA, TX 77902

361-643-6562

IPrimary Wate r Source TypellPopulation,ServedI
I Purch surface wa ter II 2453 I

Th is report was created on NOV.()7·2007
Results are based on data extracted on OCT-1 2-2007

NOTICE: EPA is aware of inaccu racies and underreporting of some data in the Safe Drinking Water
lntc rmation System. We are working with the states to improve the quality of the data.

The tables below list all violat ions that the state reported to EPA for this water system . tlea rt.h-bas~

vi9lation~ are listed first, followed by mon itQongJePQ!1iD9L-aod_Qther violat ions.

tj ealth_Ba.sed Vio!alio!Js ; amount of contaminant exceeded safety standard (Mel) or water was not
treated properly .
No neenn-besed violations found. EPA has no record of any health-based violations reported by the state
for this water sys tem (Violations within last 10 years are included in this report).

Monitoring and_Reporting andOtneryiclatlcns: system failed to complete all samples or sample in a
timely manner, or had another non-health-based violation. A significant monitoring violation means the
system failed to take a large percentage of the required samples. Non-significant monito ring violations
indicate that the water system failed to take some of the required samples, but did do some of the required
samolina.

J-ype_of Violat ion Sarnp li09Eeriod: Sampling Per iodEnd
Cpntaminarrt

'liolation
Begin.Date Date 10

~'yjolation for NE:OWR

I JAN-Q1-2005 II OEC-31-2025 IPublic Notice 205Violation

No follow-up action has been reported to EPA tor this violation. Please contact the state drinking water
program for more information.

Typ e ot Violation
Samp li ng.Period : SamplilJ9-fer iod .End

Con ~ationBegin Oa.te Date 10

Monitoring.BQlJtiDe_Major I SEP-Q1-2004 I SEP-30-2004 Coliform 104(TI;Bl ITCR)

I Fo.lloW-uP'Action II0ate '11 Responsel

srViolation/Reminder Noticell DEC-Q7-2004 I

hnp:lloaspub.cpa.gov/envirolsdw_report_v2.firstjeblespws_id=TX205000 I&state=TX&s... I117/2007
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U.S. Environment.' Protection Agency
Safe Drinking Water Informat ion System -,
(SOWIS)
B~L,topd!~ I Qontact Us I Prinl Versjoo EF Search :

EfA.!j0l11e > Envil'Qla~ " SDWlS > Query

SOWIS Violation Report

CITY OF TAFT

TAFT. TX 76390
903-675-513 1

Water Source Type IPopulation ServedI

Purch_surface_water I 3396 I

This report was created on NOV-Q7-2007
Results are based on data extracted on OCT-12-2007

NonCE: EPA is aware of inaccuracies and underreporting of some data in the Safe Drinking Water
Information System. We are working with the states to improve the quality of the data.

The tables below list all violations that the state reported to EPA for this water system. Health-based
'tiolatlons are listed first, followed by monitoring, reporti09 ..aOd_otner violations.

ea e 1 orooenv.

Typ_e of o.~cu[e(:LBetween:. Qccured_Betw een: Contaminant Analytical Violat ion
Violati on Begin.Date End Date Result 10

MCl .".MoDtbJy
I SEP-01-2006 II SEP-30-2006 I

Coliform

I - II 206 IITeR] (TCR)

l:::lealtIlJiased-'yjo lat ion s: amount of contaminant exceeded safety standard (MCl) or water was not
treated r1

I FoIIQW-up Ac.tton IIDate_of Respo n!!el

1St Public Notif received II NOV-ol-2006 I
St Violation/Reminder Notice I OCT-02-2006 I
1St Public Notif requested II OCT-02-2006 I

TYPtLoj Occured Between: occu~~~ ~:i:ee n: Iccntamjnant I Analytical Vj olation
Violation Begi."- Date Result 10-

MCl ....M.onthly I MAY-ol-2000 II MAY-31-2000 II
Coliform

II - 11 3034300 I(TCRl ITCBl

No follow-up action has been reported to EPA for this violation. Please contact the state drinking water
program for more information.

Monitoring_and Reporting andOtherYlclatlcns: system failed to complete aft samples or sample in a
timely manner, or had another non-health-based violation. A significant monitoring violation means the
system failed to take a large percentage of the required samples. Non-significant monitoring violations

http://oaspub.epa.gov/enviro/sdw_report_v2.first_table?pws_id~TX2050007&state~TX&s. . . 11/7/2007



EPA - Envirofacts Warehouse - SDWIS Page J of3

,
U.S. Environment.1 Protection Agency

Safe Drinking Water Information System
(SOWIS)
Be~enlMt;l~_~ I Contact Us1Print Versiol) EF Search:

EPA ..l::Jome > Envi'!pfa~ '> SQ't/IS '> Query

SOWIS Violation Report

SDWIS RINCON WSC DIVISION I

TAFT, TX 78390

361-528-3969

IPrimary_Water Source TypellPopulation Servedl

I Purch surface water II 870 I
This report was created on NOV-Q7-2007

Results are based on data extracted on OCT-12·2007

NonCE: EPA is aware of inaccuracies and underreporting of some data in the Safe Drinking Water
Informat ion System . We are working with the states to improve the quality of the data.

The tables below list all violat ions that the state reported to EPA for this water system. l::ieaJth-baS-e9
Yl9!a.1l9.DSare listed first. followed by monitorinQ.....illPQI1i[l9-,,---and other violalions.

l:::Iealt~Based_Vjolations ; amount of contaminant exceeded safety standard {MCl} or water was not
treated properly .
No health·based violations found. EPA has no record of any health-based violations reported by the state
for this water system (Violations within last 10 years are included in this report).

sampling.

I Ty~e of Vi9:!ation I
SaITlPl.iog~eJiod : Sampling_Period End

Contaminaot
Violati on

Begin Date Date ID
MOlJitOringC£-.illttne-...Major I FEB-Q1-2003 II FEB-28-2003 II

Coliform

II 103 I(TCR)

Monito rin9_arldflepor:t iflQ_and_Otber Vio latiQ_os : system failed to complete all samples or sample in a
timely manner, or had anothe r non-health-based violation. A significant monitoring violation means the
system failed to lake a large percentage of the required samples. Non-significant monitoring violations
indicate that the water system failed 10 take some of the required samples, but did do some of the required

I

I Follow ·u-R Action IIDate_o(.Re.sPQn$el

1St Public Notif received II JUN-Q'-2003 I
St ViolationIReminder NoticeI MAR-2 1-2003 I
1St Publ ic Notif requested II MAR-21-2003 I

I IyPJ~J)f Vi~lation I
Sampl ing Period: Sampling f eriod I Contarpinan t IViolation

Beg in Date End Date ID

ICCR._Go_DJPll:tte£_ailu[~ II II Ilc onsumer II I

http://oaspub.epa.gov/enviro/sdw-,eport_v2.first_tab le?pws)d=TX2050056&stat<>=TX&s... 1J17/2007
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I,

U.S. Envlronmenr.' Protection Agency
Safe Drinking Water Information Sys tem -,
(SOWIS)
Recent AI;kIiUqrn> I eontac~ I ErinLYCl'I'}.iO!] E.F seerctc
E:.eAl::!ome > E!1wfat;t~ > S.o.WI.S > Query

SOWIS Violation Report

RINCO N wsc OIVISION II

TAFT. TX 78390

361-528-3969

IPrimary Water Sou rce TypellPopulation Served l

I Purch su"ace wale. II 273 I
This report was created on NOV-Q7-2007

Resu lts are based on data extracted on OCT-12·2007

NOTICE: EPA is aware of inaccu racies and underreporting of some data in the Safe Drinking Wat er
Information Sys tem. We are working with the states to im prove the quality of the data .

The tables below list all violations that the state reported to EPA for th is water system. tiealtb:based
violations are listed first. followed by mODilonnQ...Iewl1iD9. and otber violations.

tfealt. !:l.Based ViolatiQns~ amount of contaminant exceeded safe ty standard (MCL) or water was not
treated prope rly.
No heaJth-based violations found. EPA has no record of any health-based violations reported by the state
for this water system (Vio/ations within last 10 years are induded in this report).

MODitoring and Reportinq and Othec Vjolations: system failed to com plete all sam ples or sample in a
timely manner, or had another non-health-based viola tion . A significan t monitor ing violation means the
system failed to lake a farge percentage of the required samples. Non-significant monitoring viol ations
indicate that the water system failed to take some of the required samples, but did do some of the required
samolino.

I Iype_olViolatiol] I
Sampling Period: Sampling Period _End ICQIltamioant I Vio lat ion

Begin Date Date 10

MOnitoring~~)tioe_MajOr I FEB-Q' -2003 II FEB-28-2003 II
Coliform

I 1M

[ICRJ

I Follow:.up Action I I Da~e _of Responsel

1St Public Notif received II JUN-Q1-2003 I
St Violation/Reminder Notice 1 MAR-21-2003 I
1St Public Notif requested II MAR-21-2003 I

I Iy~e of ViQ!ation I
Sampling Perlod: Sampling_ferjod I CJIDtal'l)jnaot I Violation

Begin Date Elld O_ate 10

ICCB_Complete£ailu(~ II II IIConsumer II I

http://oaspub .cpa.gov/envi ro/sdw_report_v2.firsUable?pws_id=TX2050057&slate=TX&s... 111712007



EPA - Envirofacts Warehouse - SDWIS Page I of3

,
,

u.s. Environment.1 Protection Agency
Safe Drinking Water Information System "
(SDWIS)
~djbOfl$ 1 CQn....j~I,-~ I EDnL':l~~on EF Search:

I;EAl t ome > EnY!r9.fa!;\;i > SDWlS > Query

SDWIS Violation Report

RINCON WSC DIVISION III

TAFT. TX 78390
361-528-3969

lPr imary Water Source Typ ellPopulation Servedl

I Purch surlace water II 945 I
This report was created on NOV-07-2007

Results are based on data extracted on OCT-12-2007

NOTICE: EPA is aware of inaccuracies and underreporting of some data in the Safe Drinking Water
Information System. We are working with the states to improve the quality of the data.

The tables below list all violations that the state reported to EPA for this water system. Health-based
violations are listed first, followed by monitorin.Q....leQQrtiD...Q.......and other violations .

HealULBas~ Violations: amount of contaminant exceeded safety standard (MCL) or water was not
treated properly.
No health-based violations found. EPA has no record of any health·based violations reported by the state
for this water system (Violations within last 10 years are induded in this report) .

samolino.

I IypjLoLViolation I
Sampling .~edod : Sampling .feriod

I C9!Jtaminant IViolation
Begi n Ocate End Date 10

CCKCQrrlp lete...f.ailure I JUL-ll1 -2oo4 II MAR-31-2oo5 IConsumer
I 304 Ito Report Confidence Rule

Monitoring andReportl nq and OthecVio latiofls : system failed to complete all samples or sample in a
timely manner, or had another non-health-based violation. A significant monitoring violation means the
system failed to take a large percentage of the required sample s. Non-siqniflcant monitoring violations
indicate that the water system failed to take some of the required samples, but did do some of the required

I

I FoOov;'-up Action II Date~Qf Respcnee1
lSI Compliance achieved II MAR-31-2oo5 I
51Violation/Reminder NoticeI

JAN ~26-200 5 I
,

I Type of_Violatiol1 I
Sampling .fe.rjod.: Samplin g,E,eriod ...End

Contaminant
Yjolat ipn

e Date !O
~onjtoriD9..Boutine MaiQr

FEB-ll1 -2oo3 FEB-28-2003
CQliform I 103 I(TCBj (TCBj

http ://oaspub.cpa .gov/cnviro/sdw_feport_v2 .first_table?pws_id=TX205OO65&state=TX&s... lI n 12007
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,
,U.S. Environment. ' Protection Agency

Safe Drinking Water Information System
(SDWIS)
8;ecenlhtlQrtjOflS ICQrnac;tUi l frintYOfl!Q!:! EF Search :

EfAtlome :> ~1J.'li!:Q~ :> SDWIS :> Query

SDWIS Violation Report

RURAL EAST WATER SYSTEM

TAFT. TX 78390
361-528-3969

IPri mary Water_Source _TypeIIPopulati on. Servedl

I Purch surlace waler II 870 I

This report was created on NOV-07-2007
Results are based on data extracted on OCT-12-2007

NOTlCE: EPA is aware of inaccuracies and underreporting of some data in the Safe Drinking Water
Information System. We are work ing with the states to improve the quality of the data.

The tables below list all violations that the state reported to EPA for this water system . Health-based
violations are listed first. followed by monitorin~P2!1i[lg .....and other violations.

HealtJ::L~ased ViQ!ations; amount of contaminant exceeded safety standard (Mel) or water was not
treated properly.
No health-based violations found. EPA has no record of any health-based violations reported by the state
for this water system (Violations within last 10 years are included in this rep ort) .

samolinc.

I Typ e of VioJat ion I SamplingJ~.er.iod : Sampling Perlcd End
CootamioaOJ

VIolation
Begin Date Date ID

f:r~L\li.Qlation forlJeOw.8

I AUG-ll1 -2OD6 II DEC-31-2025 IPublic Notice I 406 IVjolation

Monitoring an_d_Reporting andOtheryiclaticns: system failed to complete all samples or sample in a
timely manner, or had another non-health-based violation. A significant monitoring violation means the
system failed to take a large percentage of the required samples. Non-significant monito ring violations
indicate that the water system failed to take some of the required samples, but did do some of the required

1

No follow-up action has been reported to EPA for this violation. Please contact the state drinking water
program for more information.

I Type_of Violation I Sampling.£.eriod: SamplingJ~.erio(LEod
Conta rnioant

Violation
Begin Date Date ID

MonitOring~~}li n~.Mif!Or I APR-ll ' -2006 II APR-3D-2OD6 I Coliform

I 306 I(TCBl

I FolloW-Up Act ion I I Date~of Responsel

St Violation/ Reminder Notice 1 JUL-07-2006 I

http://oaspub.epa.gov/envirolsdw-,eport_v2.first_tablc?pws_id~TX2050073&stale:'TX&s~ . . 11n12007
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..•..

U.S" En"ironment.1 Protection Agency
Safe rinking Water Information System <' \

(SDWIS)
Recent Additions I Contact Us I Print Version EF Search :

E~A Home> Envirofact~ >;iDWLS > Query

SDWIS Violation Report

SAINT PAUL WSC

SINTON, TX 78387

361-364-2105

l eIinlID'-W~l~r $9YD;~ TypellPopulation ServedI
I Groundwater II 425 I

This report was created on NOV-07-2007
Results are based on data extracted on OCT-12-2007

NOTICE: EPA is aware of inaccuracies and underreporting of some data in the Safe Drinking Water
Information System . We are working with the states to improve the quality of the data.

The tables below list all violations that the state reported to EPA for this water system. Health-based
violat ions are listed first, followed by monitoring, reporting, and other violations .

Health Based Viol at ions: amount of contaminant exceeded safety standard (Mel) or water was not
treated properly.
No health-based violations found. EPA has no record of any health-based violations reported by the state
for this water system (Violations within last 10 years are included in this report).

M..Qn it9ril}gJ:!!l!::LB~p.QItlI}9 and Other Viol at ions : system failed to complete all samples or sample in a
timely manner, or had another non-health-based violation . A significant monitoring violation means the
system failed to take a large percentage of the required samples. Non-significant monitoring violations
indicate that the wate r system failed to take some of the requi red samples, but did do some of the required
sampling .

No monitoring or other violations found. EPA has no record of monitoring or other violations reported by the
state for this water system (Violations within the last 10 years are included in this report).

For more information on:
Vio lat ions more than 10 years back: Ask the operators of your water system, contact your g ate or file a
Freedom of Information Act (FOIA) request.
Watersheds (the land areas drinkin g water comes from) : learn more about the health of this
watershed.
Drink ing water in your state: http://www .epa.gov/safewater/dw info/tx.htm
Drinking water in general: Visit EPA's Office of Grou nd Water and Drinking W~J~l web site or call the
Safe Drinking Water Hotline (1-800-426-4791). EPA has also prepared fgG.Ls~E2~ts about various regulated
drinking water contaminants.
Advanced tools for accessing EPA drinking water data:
http://www .epa.gov/safewater/data/getdata.html
Resea rc h Data : As well as monitoring the levels of drinking wate r contaminants for which EPA has set
standards, EPA, states, and water systems also carry out stud ies of contaminants that may need to be
regulated in the future. For more information about these, please see the National Contaminant Occurrence
DataJ2-ClSe and the Microbe and Q[$jnf~GtiQn.SYP[QqJ.Lcts study database.

http://oaspub.epa.gov/enviro/sdwJeport_v2.first_table?pws_id=TX2050010&state=TX&s... I I17/2007
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u.s.. Environmental Protection Agency
Safe Drinking Water Informat ion System "\
(SOWIS)
Recent Additions I Contact Us I Print Version EF Search :

EPA Home> Envirofacts > ~DWIS > Query

SOWIS

SOWIS Violation Report

SAN PATRICIO COUNTY MUD 1

EDROY, TX 78352

361-368-9123

IPrimary Water Source Ty'geJIPoR-y!ation $~rveQI

I Groundwater II 417 I

This report was created on NOV-07-2007
Results are based on data extracted on OCT-12-2007

NOTICE: EPA is aware of inaccuracies and underreporting of some data in the Safe Drinking Water
Information System . We are working with the states to improve the quality of the data.

The tables below list all violations that the state reported to EPA for this water system. Health-based
violations are listed first, followed by monitoring, reporting, and other violations.

Health Based Vio lat ions : amount of contaminant exceeded safety standard (MCl) or water was not
treated properly.
No health-based violations found. EPA has no record of any health-based violations reported by the state
for this water system (Violations within last 10 years are included in this report) .

M_onitoring and R~p.J>J1i ng_and QtbJ~r ViQf.~t i(:>n§. : system failed to complete all samples or sample in a
timely manner, or had another non-health -based violation. A significant monitoring violation means the
system failed to take a large percentage of the required samples . Non-significant monitoring violations
indicate that the water system failed to take some of the required samples, but did do some of the required
sampling .

No monitoring or other violations found. EPA has no record of monitoring or other violations reported by the
state for this water system (Violations within the last 10 years are included in this report).

- - --- ---- --- --_._._ -
For more information on:
Violations more than 10 years back: Ask the operators of your water system , contact your state or file a
Freedom of Information Act (FOIA) request.
Watersheds (the land areas drinking water comes from): learn more about the health of this
watershed .
Drinking water in your state: http://www.epa.gov/safewater/dwinfo/tx.htm
Drinking water in general : Visit EPA's Office of Ground Water and Dri nJ~jIl9_\l'lLgJ~I web site or call the
Safe Drinking Water Hotline (1-800-426-4791). EPA has also prepared fgQLshee t§ about various regulated
drinking water contaminants.
Advanced tools for accessing EPA drinking water data:
http://www.epa.gov/safewater/data/getdata.html
Research Data: As well as monitoring the levels of drinking water contam inants for which EPA has set
standards , EPA, states, and water systems also carry out studies of contaminants that may need to be
regulated in the future . For more information about these , please see the National Contaminant Occurrence
Q.QtgQQ.$J~ and the M icro.Q~gnQJ)l$lQfSlQttoll6.ypr.oOuGt§ study database.

http://oaspub.epa.gov/enviro/sdwJeport_v2.first_table?pws_id=TX2050070&state=TX&s... 11/7/2007
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Recent Additions I Contact Us I Print Version EF Search:

~PA Home> ~nvi rol<l~t$ > SDWLS. > Query

U"S. Environmental Prof.c,ioll Agency
Safe Drinking Water Information System -'\
(SDWIS)

SDWIS Violation Report

SOWIS SEABOARD WSC

ODEM, TX 78370

361-368-2388

IPrim~ry Wat~r Source Typ.eIIEQP_LJl~S~.lY!tc:!1

I Purch surface water II 270 I

This report was created on NOV-07-2007
Results are based on data extracted on OCT- 12-2007

NOTICE: EPA is aware of inaccuracies and underreporting of some data in the Safe Drinking Water
Informat ion System. We are working with the states to improve the quality of the data.

The tables below list all violations that the state reported to EPA for this water system. Health-based
violations are listed first, followed by monitoring reporting, and other violations.

Health Based Violations: amount of contaminant exceeded safety standard (MCl) or water was not
treated properly.
No health-based violations found. EPA has no record of any health-based violations reported by the state
for this water system (Violations within last 10 years are included in this report) .

Mon it9..rt!J..9 _~!JJ.I~_~p.Q..rli.ng.JlncLQt.II~L'li9IaJjQ!1§ : system failed to complete all samples or sample in a
timely manner, or had another non-health -based violation. A significant monitoring violation means the
system failed to take a large percentage of the required samples . Non-significant monitoring violations
indicate that the water system failed to take some of the required samples, but did do some of the required
samolino.

I
IyQe of Violatio n

I
~:t~.!!!.Qling Peri od...;. s.!=!mpling~eri().!LE:nd Contaminant ViolatiQIl

Begin Date Date ID

MonitO.Ii'T~mtine Minor I DEC-01-2000
II

DEC-31-2000
I

Coliform

I
1111000

I(TCR)

No follow-up action has been reported to EPA for this violation. Please contact the state drinking water
program for more information.

IYQe of ~~mQling~e.IlQ..d : Begin
II

SamJillng Peri od Ene:!. Conta mi nant
Violation

Violation Date Date ID

Notification,

I
DEC-01-2000

II
DEC-31-2000

I
Coliform

I
1111100 IPublic (TCR)

No follow-up action has been reported to EPA for this violation. Please contact the state drinking water
program for more information.

II II II II II

http://oaspub.epa.gov/enviro/sdwJeport_v2.first_table?pwsjd=TX2050063&state=TX&s...11/712007
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Record of Communication Form 
 

 1

 
DATE: November 15, 2007  
 
PROJECT/SITE NAME:  Leo Miller Road     
CERCLIS No.:  TXN000606818 
TDD #: T0-0009-07-08-01 
 
CALL TO: City of Taft 
CALLED BY: Raul Rodriguez, Dynamac START-3 
SUBJECT: Water Usage for City of Taft, Texas 
DATE CALLED: November 15, 2007 
 
CONVERSATION: 
 
START-3 CALLED THE CITY OF TAFT TO OBTAIN WATER USAGE 
INFORMATION.  ACCORDING TO THE CITY REPRESENTATIVE, THE 
CITY OF TAFT PURCHASES THEIR POTABLE WATER FROM THE SAN 
PATRICIO MUNICIPAL UTILITY DISTRICT (MUD).  THE SAN PATRICIO 
MUD IN TURNS OBTAINS DRINKING WATER FROM THE CITY OF 
CORPUS CHRISTI.  THE CITY OF TAFT DOES NOT OBTAIN POTABLE 
WATER FROM EITHER GROUNDWATER WELLS OR SURFACE WATER 
INTAKES.  THE CITY WATER SERVICE BOUNDARY ENCOMPASSES THE 
CITY LIMITS, PLUS SOME COUNTY CUSTOMERS SOUTHWEST OF TAFT 
ALONG HIGHWAY 181.  THIS AREA IS NOT LOCATED WITHIN THE 4-
MILE RADIUS TDL. 
 
THE CITY ALSO SUPPLIES POTABLE WATER TO SOME FARMS LOCATED 
EAST OF TAFT; HOWEVER, IT IS UNCLEAR IF THESE FARMS ARE 
LOCATED WITHIN THE 4-MILE TDL.  
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Record of Communication Form 
 

 1

DATE: November 15, 2007  
 
PROJECT/SITE NAME:  Leo Miller Road     
CERCLIS No.:  TXN000606818 
TDD #: T0-0009-07-08-01 
 
CALL TO: Benny Martinez, Field Supervisor, Rincon WSC Division 
CALLED BY: Raul Rodriguez, Dynamac START-3 
SUBJECT: Water Usage for Rincon WSC 1, 2 and 3 
DATE CALLED: November 15, 2007 
 
CONVERSATION: 
 
START-3 CALLED THE RINCON WATER SUPPLY COMPANY (WSC) TO 
OBTAIN WATER USAGE INFORMATION.  MR. BENNY MARTINEZ, FIELD 
SUPERVISOR, INFORMED START THAT ALL THREE (3) RINCON WSC 
DIVISIONS PURCHASE POTABLE WATER FROM THE SAN PATRICIO 
MUD.  THE SAN PATRICIO MUD IN TURNS OBTAINS DRINKING WATER 
FROM THE CITY OF CORPUS CHRISTI.  RINCON WSC DOES NOT 
SUPPLEMENT THEIR WATER SUPPLY WITH GROUNDWATER OR OTHER 
SURFACE WATER SIOURCES. 
 
RINCON WSC, DIVISION 1 SERVES PAYING CUSTOMERS ON COUNTY 
ROAD (CR) 96, CR 98, CR 102, WEST OF CR 89M AND EAST OF CR 95C TO 
95A.  THE MAJORITY OF THEIR CUSTOMERS ARE LOCATED BETWEEN 
HWY’S 136 AND 361.  THE TOTAL NUMBER OF CUSTOMERS WITHIN THIS 
DIVISION IS 326.  THIS SERVICE BOUNDARY APPEARS TO INCORPORATE 
PORTIONS OF THE 1 TO 2-MILE RADIUS, THE 2 TO 3-MILE RAIDUS, AND 
THE 3 TO 4-MILE RADIUS. 
 
RINCON WSC, DIVISION 2 SERVES PAYING CUSTOMERS ON CR 66A 
(TOWARDS PORTLAND, TX), CR 66, CR 69, AND CR 77 AND CR 93 TOWARD 
INGELSIDE.  THIS AREA IS OUTSIDE THE 4-MILE RADIUS TARGET 
DISTANCE LIMIT (TDL). 
 
RINCON WSC, DIVISION 3 SERVES CUSTOMER’S IN THE SINTON, TEXAS 
AREA, OFF FM 2046 AND FM 1944, HWY 77, AND CR 44 AND CR 54.  THIS 
AREA IS OUTSIDE THE 4-MILE RADIUS TDL. 
 
MR. MARTINEZ STATED THAT RINCON WSC HAS BEEN APPROACHED 
ABOUT EXTENDING THEIR SERVICE TO LEO MILLER ROAD, BUT THE 
RESIDENTS DID NOT FOLLOW UP ON ACCESSING THE SYSTEM WHEN 
THEY WERE INFORMED THAT THEY WOULD HAVE TO PAY FOR THE 
LINK UP. 
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Record of Communication Form 
 

 1

DATE: November 15, 2007  
 
PROJECT/SITE NAME:  Leo Miller Road     
CERCLIS No.:  TXN000606818 
TDD #: T0-0009-07-08-01 
 
CALL TO: Benny Martinez, Field Supervisor, Rincon WSC Division 
CALLED BY: Raul Rodriguez, Dynamac START-3 
SUBJECT: Water Usage for the Rural East Water System 
DATE CALLED: November 15, 2007 
 
CONVERSATION: 
 
START-3 CALLED THE RURAL EAST WATER SYSTEM TO OBTAIN WATER 
USAGE INFORMATION.  MR. BENNY MARTINEZ, ALSO THE FIELD 
SUPERVISOR FOR THIS RURAL WATER COMPANY.  MR. MARTINEZ 
INFORMED START THAT THE RURAL EAST WATER SYTEM PURCHASES 
POTABLE WATER FROM THE SAN PATRICIO MUD.  THE SAN PATRICIO 
MUD IN TURNS OBTAINS DRINKING WATER FROM THE CITY OF 
CORPUS CHRISTI.  THE RURAL EAST WATER SYSTEM DOES NOT 
SUPPLEMENT THEIR WATER SUPPLY WITH GROUNDWATER.  THE 
SERVICE BOUNDARY FOR THE RURAL EAST WATER SYSTEM INCLUDES 
CUSTOMERS OUTSIDE OF ODEM, TX, NORTH TOWARDS SINTON, TX, 
OFF OF CR 38, CR 39A, CR 43, CR 43C, AND CR 46.  THESE LOCATIONS ARE 
OUTSIDE OF THE 4-MILE RADIUS TDL.  
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U..S. Environmental Protection Agency
Safe Drinking Water Information System "\
(SDWIS)
Recent Additions I Contact Us I Print Version EF Search:

j;PA Home > ,Envirofacts > ~O_VYIS > Query

SDWIS Violation Report

CITY OF CORPUS CHRISTI

CORPUS CHRISTI, TX 78469

361-857-1881

IPrimary Water Source TypellEQQulation Served l

I Surface water II 299602 I

This report was created on NOV-20-2007
Results are based on data extracted on OCT-12-2007

NOTICE: EPA is aware of inaccuracies and underreporting of some data in the Safe Drinking Water
Information System. We are working with the states to improve the quality of the data,

The tables below list all violations that the state reported to EPA for this water system. .!::lealt.h:J)a~ed

violations are listed first , followed by monitoring, reporting, and other violations ,

Health Based Violations: amount of contaminant exceeded safety standard (MCl) or water was not
treated proper ly,
No health-based violations found. EPA has no record of any health-based violations reported by the state
for this water system (Violations within last 10 years are included in this report).

sampling.

I
me of Violation I Sampling~{~Q~t_~~-9iJ1 Samgling Peri()JI~nd Contaminant Y:iotatio,n

Date ID

M&R Filter Tl,Jrb idity

I
FEB-01-2003

II
FEB-28-2003 IIIESWTR

II
303 IReporting

Monitoring and Regorting and Other Violations : system fai led to complete all samples or sample in a
timely manner, or had another non-health-based violation. A significant monito ring violation means the
system failed to take a large percentage of the required samples. Non-sign ificant monitoring violations
indicate that the water system failed to take some of the required samples, but did do some of the required

r

No follow-up action has been reported to EPA for this violation. Please contact the state drinking water
program for more information.

I
fige of Violation I Samgling Period: Begin II Sam~ling Perioc;l~nd IIContaminant Y:Jolation

D~ D~ ' ID

M&R Filter Turbid ity

I
DEC-01-2002 II DEC-31-2002 IIIESWTR II

103 IReporting

No follow-up action has been reported to EPA for this violation. Please contact the state drinking water
program for more information.

Ii II II II II

http://oaspub.epa.gov/enviro/sdwJeport_v2.first_table?pwsjd=TX1780003&state=TX&...11/20/2007



EPA - Envirofacts Warehouse - SDWIS Page 2 of2

Type of Violation

M&R Filter Turb idity
R~Rorting

I
~C!mQling Period: Begin II Sampling Period End IIContaminantl1 Viol~t19n

Date "II Date II II ID

I DEC-01-2002 II DEC-31-2002 II,ESWTR II 203

No follow-up action has been reported to EPA for this violation. Please contact the state drinking water
program for more information.

For more information on:
Violations more than 10 years back: Ask the operators of your water system , contact your state or file a
Freedom of Information Act (FOIA) request.
Watersheds (the land areas drinking water comes from): learn more about the health of this
watershed.
Drinking water in your state: http://www.epa.gov/safewater/dwinfo/tx.htm
Drinking water in general : Visit EPA's Office of Ground Water and Drinking Water web site or call the
Safe Drinking Water Hotline (1-800-426-4791). EPA has also prepared @GL~tt~et~ about various regulated
drinking water contaminants.
Advanced tools for accessing EPA drinking water data:
http://www.epa.gov/safewater/data/getdata .html
Research Data: As well as monitoring the levels of drinking water contaminants for which EPA has set
standards , EPA, states, and water systems also carry out studies of contaminants that may need to be
regulated in the future . For more information about these , please see the National Contaminant Occurrence
Database and the Microbe and Disinfect ion Byproducts study database.

Additional Information

In fiscal year 2005 (the last year for which EPA has complete data) based on information reported to EPA
by the states , 1.5 percent of all systems reported a treatment techn ique violat ion, 6.1 percent of all systems
reported an Mel Violation, and 24 percent of all systems reported a reporting/monitoring violation.

EPA Home I Privacy and Security Notice I Contact Us

Last updated on Tuesday, November 20th , 2007
http://oaspub .epa.gov/enviro/sdw_report_v2 .first_table

http://oaspub.epa.gov/enviro/sdwJeport_v2.first_table?pws_id=TX I780003&state=TX&... II /20/2007
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Record of Communication Form 
 

 1

 
DATE: November 21, 2007  
 
PROJECT/SITE NAME:  Leo Miller Road     
CERCLIS No.:  TXN000606818 
TDD #: T0-0009-07-08-01 
 
CALL TO: Robert Andren, Hydrologist, TCEQ 
CALLED BY: Raul Rodriguez, Dynamac START-3 
SUBJECT: Water Usage for the Rural East Water System 
DATE CALLED: November 19, 2007 
 
CONVERSATION: 
 
START-3 CONTACTED MR. ROBERT ANDREN, HYDROLOGIST, TCEQ, TO 
OBTAIN INFORMATION ABOUT POTENTIAL WELLHEAD PROTECTION 
AREAS WITHIN THE 4-MILE RADIUS OF THE SHERWIN ALUMINA 
COMPANY’S RED MUD LAGOONS.  MR. ANDREN REQUESTED A MAP OF 
THE AREA IN QUESTION, WHICH WAS SUPPLIED BY START. 
 
ON NOVEMBER 21, 2007, MR. ANDREN PROVIDED START WITH GIS 
SHAPE FILES THAT CONTAINED THREE WELLHEAD PROTECTION 
AREAS IN THE VICINITY OF THE SAC RED MUD LAGOONS.  HOWEVER, 
UPON CLOSER INVESTIGATION, IT DOES NOT APPEAR THAT THE THRE 
THREE IDENTIFIED WELLHEAD PROTECTION AREAS ARE LOCATED 
WITHIN THE 4-MILE RADIUS TDL.   SEE ATTACHED .PDF 
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Record of Communication Form 
 

 1

 
DATE: November 19, 2007  
 
PROJECT/SITE NAME:  Leo Miller Road     
CERCLIS No.:  TXN000606818 
TDD #: T0-0009-07-08-01 
 
CALL TO: Logan Respess, Aransas County Extension Agent 
CALLED BY: Raul Rodriguez, Dynamac START-3 
SUBJECT: Groundwater Resource Use, Aransas County 
DATE CALLED: November 19, 2007 
 
CONVERSATION: 
 
START-3 CONTACTED MR. LOGAN RESPESS, ARANSAS COUNTY 
EXTENSION AGENT, ABOUT WATER USAGE FOR COMMERCIAL 
AGRICULTURE AND LIVESTOCK WATERING IN ARANSAS COUNTY.  
ACCORING TO MR. RESPESS, THERE IS NO COMMERCIAL CROPS BEING 
GROWN WITHIN THE 4-MILE RADIUS TDL OF THE SHERWIN ALUMINA 
COMPANY’S RED MUD LAGOONS.  IN ADDITION, MR. RESPESS 
INDICATED THAT IRRIGATION IS NOT USED ON PASTURE LANDS 
WITHIN ARANSAS COUNTY. 
 
MR. RESPESS FORWARDED START TO MS. DENISE STANSBURY, 
PROGRAM TECHNICIAN FOR THE USDA/FSA AND RANCHING AND USE 
OF GROUNDWATER WELLS AS WATER SUPPLY.  ACCORDING TO MS. 
STANSBURY, THERE IS VERY LITTLE RANCHING OCCURING IN 
ARANSAS COUNTY. 
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Record of Communication Form 
 

 1

 
DATE: November 19, 2007  
 
PROJECT/SITE NAME:  Leo Miller Road     
CERCLIS No.:  TXN000606818 
TDD #: T0-0009-07-08-01 
 
CALL TO: Jeff Stapper, San Patricio County Extension Agent 
CALLED BY: Raul Rodriguez, Dynamac START-3 
SUBJECT: Groundwater Resource Use, San Patricio County 
DATE CALLED: November 19, 2007 
 
CONVERSATION: 
 
START-3 CONTACTED MR. JEFF STAPPER, SAN PATRICIO COUNTY 
EXTENSION AGENT, ABOUT COMMERCIAL AGRICULTURE AND 
RANCHING IN SAN PATRICIO COUNTY.  THE MAJOR CROPS GROWN IN 
THE AREA ARE COTTON AND GRAIN SORGHUM.  ACCORING TO MR. 
STAPPER, GROUNDWATER IS NOT BEING USED TO IRRIGATE 
COMMERCIAL CROPS IN THE VICINITY OF THE SHERWIN ALUMINA 
COMPANY’S RED MUD LAGOONS DUE TO THE SALTY NATURE OF THE 
GROUNDWATER.  GROUNDWATER IS USED AS AN IRRIGATION SOURCE 
APPROXIMATELY 20 TO 25 MILES WEST OF THE RED MUD LAGOONS. 
 
MR. STAPPER SAID THAT WATERING OF COMMERCIAL LIVESTOCK IN 
SAN PATRICIO COUNTY IS DONE WITH PURCHASED WATER.  HE DID 
NOT KNOW IF GROUNDWATER WELLS WERE BEING USED TO WATER 
COMMERCIAL LIVESTOCK.  
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 Surface Water Quality Data and Reports Questions or 
Comments: 
monops@tceq.state.tx.us

Texas Water Quality Inventory and 303(d) List
These reports describe the status of Texas waters based on historical data on 
surface-water and groundwater quality (the Inventory) and identify water 
bodies that are not meeting standards set for their use (the List). The reports 
satisfy the requirements of the federal Clean Water Act for both Section 305(b) 
water-quality reports and Section 303(d) lists. The Inventory and List are 
produced every two years in even-numbered years, as required by law. A List 
must be approved by the EPA before it is considered final. All documents on 
this page are provided in PDF format. (Help with PDF.)

■     2006 Texas Water Quality Inventory and 303(d) List 
■     2004 Texas Water Quality Inventory and 303(d) List 
■     2002 Texas Water Quality Inventory and 303(d) List 
■     2000 Water Quality Inventory and 303(d) List (EPA-approved) 
■     303(d) Lists from Prior Years 

2006 Texas Water Quality Inventory and 303(d) List

2006 Texas Water Quality Inventory and 303(d) List

●     2006 Guidance for Assessing and Reporting Surface Water Quality in 
Texas (PDF) 

●     2006 Texas 303(d) List (PDF) 

2004 Texas Water Quality Inventory and 303(d) List

2004 Texas Water Quality Inventory and 303(d) List
This report combines the Texas Water Quality Inventory [305(b) assessment] 
and the List of Impaired Waters [303(d) list]. The integrated report also 
includes the monitoring plan for all waters of the state.

●     2004 Texas 303(d) List (PDF, May 13, 2005)
Submitted to the U.S. Environmental Protection Agency dated May 13, 
2005; approved by the EPA May 8, 2006. 

●     Overview of the Texas Water Quality Inventory and List (PDF)
How surface waters are assessed, highlights of the results of the 2004 
assessment, and information about the actions the TCEQ is taking to 
improve the quality of waters on the 303(d) List. 
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2002 Texas Water Quality Inventory and 303(d) List

●     2002 Texas 303(d) List (PDF, October 1, 2002)
Submitted to the U.S. Environmental Protection Agency October 7, 2003; 
approved by the EPA February 3, 2005. 

●     Results of assessments of surface-water quality for 2000 and 2002, 
including water-body uses, standards, and water-quality status. 

Return to top

2000 Texas Water Quality Inventory and 303(d) List

●     2000 Texas Water Quality Inventory 
●     Final 2000 Clean Water Act Section 303(d) List (PDF, December 19, 

2002)
Submitted to the Environmental Protection Agency September 1, 2000; 
approved December 19, 2002. 

●     Results of an assessment of surface water quality for 2000 and 2002, 
including water-body uses, standards, and water-quality status. 

●     Maps of Texas stream segments, 303(d)-listed waters, and river basins. 

Return to top

303(d) Lists from Prior Years

●     1999 State of Texas Clean Water Act Section 303(d) List and Schedule 
for Development of Total Maximum Daily Loads (May 25, 1999) 

●     1998 State of Texas Clean Water Act Section 303(d) List (PDF, June 26, 
1998) 

●     1996 State of Texas Clean Water Act Section 303(d) List (PDF, April 9, 
1997) 

●     1994 State of Texas Clean Water Act Section 303(d) List (PDF) 
●     1992 State of Texas Clean Water Act Section 303(d) List (PDF) 

Return to top
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Segment: 2472 Bays and Estuaries
Copano Bay/Port Bay/Mission Bay

Station ID Station Description

Monitoring sites used:

Assessment Area
14783 COPANO BAY 1 MI. EAST OF BAYSIDEArea east of Bayside
12945 COPANO BAY AT FM 136 BRIDGE SOUTH OF BAYSIDEArea near FM 136, south of Bayside
13405 PORT BAY AT FM 188 WEST OF ROCKPORTArea near FM 188, west of Rockport
13404 COPANO BAY WEST SIDE OF FISHING PIER, ALONGSIDE SH 35Area near SH 35
14779 COPANO BAY AT SOUTH END OF CAUSEWAYRemainder of bay
14780 COPANO BAY OFF NORTH END OF PIER REEFRemainder of bay
14781 COPANO BAY AT REDFISH POINTRemainder of bay
14782 COPANO BAY 800 YDS. NE OF SALT LAKERemainder of bay

14784 COPANO BAY AT END OF SHELL BANK REEFRemainder of bay
14785 COPANO BAY 1 1/2 MI. NW OF THE CAUSEWAYRemainder of bay
14786 COPANO BAY 1 MI. WEST OF RATTLESNAKE POINTRemainder of bay
14787 COPANO BAY 1 1/4 MI. SE BAYSIDERemainder of bay
14788 COPANO BAY 1/2 MI. SOUTH OF BAYSIDERemainder of bay
14790 COPANO BAY 400 YDS. NORTH OF LONE TREE POINTRemainder of bay

Water body classification: Classified
Water body type: Estuary

Basin number: 24
Basin group: E

Water body length / area: 65.2 Sq. miles

Standards Not Met in 2002
     

Assessment Area Use Support Status Parameter Category

Area along southern shore including
Port Bay, area near Bayside (OW)

Oyster Waters Use Not Supporting bacteria (oyster waters) 5a

2002 Concerns:

Assessment Area

2002 Concerns:

Assessment Area Use or Concern Concern Status Description of Concern
Area near FM 136, south of Bayside Nutrient Enrichment Concern Concern total phosphorus

Area near FM 188, west of Rockport Aquatic Life Use Use Concern depressed dissolved oxygen

Water body uses: Aquatic Life Use, Contact Recreation Use, General Use, Fish Consumption
Use, Oyster Waters Use

Additional Information:  The aquatic life, contact recreation and general uses are fully supported. The fish
consumption use was not assessed.

2004 Texas Water Quality Inventory  
 (based on data from 03/01/1996 to 02/28/2001)

Page : 1



Historical 
fish kills:

Date Location Fish Killed Suspected Cause

6/4/1996 Copano Bay, Holiday Beach Canals, 195 Sailfish
Lane

10000 Low Dissolved Oxygen

6/12/1996 Copano Bay, Holiday Beach canals 6003000 Low Dissolved Oxygen
5/29/1997 From Goose Island S to Cove Harbor, mouth of

Mission Bay in Copano E to Aransas Bay
1000 Disease

Station ID Station Description

Monitoring sites used:

Assessment Area
14792 COPANO BAY 800 YDS. SE OF TURTLE POINTRemainder of bay
14793 COPANO BAY 300 YDS. WEST OF PALMETO POINTRemainder of bay

14797 MISSION BAY SOUTH SIDE OF BAYRemainder of bay

2004 Texas Water Quality Inventory  
 (based on data from 03/01/1996 to 02/28/2001)

Page : 2



Segment ID: 2472 Water body name: Copano Bay/Port Bay/Mission Bay

 Bays and Estuaries Estuary  Sq. milesTotal size:

Assessment Method
Status of Use 

Support or Concern Location
Location 

size
# of 

samples
# of 

exceedances Mean
Assessment

Year

 65.2

 Aquatic Life Use
Dissolved Oxygen grab average  Not Assessed Area east of Bayside 4 8 02002

Dissolved Oxygen grab average  No Concern Area near FM 136, south of Bayside 4 18 02002

Dissolved Oxygen grab average  Use Concern Area near FM 188, west of Rockport 8 17 32002

Dissolved Oxygen grab average  No Concern Area near SH 35 8 17 12002

Dissolved Oxygen grab minimum  No Concern-Limited
Data

Area east of Bayside 4 8 02002

Dissolved Oxygen grab minimum  Fully Supporting Area near FM 136, south of Bayside 4 18 02002

Dissolved Oxygen grab minimum  Fully Supporting Area near FM 188, west of Rockport 8 17 02002

Dissolved Oxygen grab minimum  Fully Supporting Area near SH 35 8 17 02002

Dissolved Oxygen 24hr average  Not Assessed Area east of Bayside 4 02002

Dissolved Oxygen 24hr average  Not Assessed Area near FM 136, south of Bayside 4 02002

Dissolved Oxygen 24hr average  Not Assessed Area near FM 188, west of Rockport 8 02002

Dissolved Oxygen 24hr average  Not Assessed Area near SH 35 8 02002

Dissolved Oxygen 24hr minimum  Not Assessed Area east of Bayside 4 02002

Dissolved Oxygen 24hr minimum  Not Assessed Area near FM 136, south of Bayside 4 02002

Dissolved Oxygen 24hr minimum  Not Assessed Area near FM 188, west of Rockport 8 02002

Dissolved Oxygen 24hr minimum  Not Assessed Area near SH 35 8 02002

Overall Aquatic Life Use  Not Assessed Area east of Bayside 42002

Overall Aquatic Life Use  Fully Supporting Area near FM 136, south of Bayside 42002

Overall Aquatic Life Use  Fully Supporting Area near FM 188, west of Rockport 82002

Overall Aquatic Life Use  Fully Supporting Area near SH 35 82002

Overall Aquatic Life Use  Not Assessed Remainder of bay 41.22002

Enterococci single sample  Not Assessed Area east of Bayside 4 02002

 Contact Recreation Use

Page : 12004 Water Quality Inventory   (data from 03/01/1996 to 02/28/2001)



Segment ID: 2472 Water body name: Copano Bay/Port Bay/Mission Bay

 Bays and Estuaries Estuary  Sq. milesTotal size:

Assessment Method
Status of Use 

Support or Concern Location
Location 

size
# of 

samples
# of 

exceedances Mean
Assessment

Year

 65.2

(continued) Contact Recreation Use
Enterococci single sample  No Concern-Limited

Data
Area near FM 136, south of Bayside 4 6 02002

Enterococci single sample  Not Assessed Area near FM 188, west of Rockport 8 6 12002

Enterococci single sample  No Concern-Limited
Data

Area near SH 35 8 6 02002

Enterococci single sample  Not Assessed Remainder of bay 41.2 02002

Enterococci geometric mean  Not Assessed Area east of Bayside 4 02002

Enterococci geometric mean  No Concern-Limited
Data

Area near FM 136, south of Bayside 4 6 102002

Enterococci geometric mean  Not Assessed Area near FM 188, west of Rockport 8 6 142002

Enterococci geometric mean  No Concern-Limited
Data

Area near SH 35 8 6 32002

Enterococci geometric mean  Not Assessed Remainder of bay 41.2 02002

Fecal coliform single sample  Fully Supporting Area east of Bayside 4 41 02002

Fecal coliform single sample  Fully Supporting Area near FM 136, south of Bayside 4 11 02002

Fecal coliform single sample  Fully Supporting Area near FM 188, west of Rockport 8 11 02002

Fecal coliform single sample  Fully Supporting Area near SH 35 8 45 02002

Fecal coliform single sample  Fully Supporting Remainder of bay 41.2 472 32002

Fecal coliform geometric mean  Fully Supporting Area east of Bayside 4 41 42002

Fecal coliform geometric mean  Fully Supporting Area near FM 136, south of Bayside 4 11 62002

Fecal coliform geometric mean  Fully Supporting Area near FM 188, west of Rockport 8 11 122002

Fecal coliform geometric mean  Fully Supporting Area near SH 35 8 45 32002

Fecal coliform geometric mean  Fully Supporting Remainder of bay 41.2 472 42002

Overall Recreation Use  Fully Supporting Area east of Bayside 42002

Overall Recreation Use  Fully Supporting Area near FM 136, south of Bayside 42002

Page : 22004 Water Quality Inventory   (data from 03/01/1996 to 02/28/2001)



Segment ID: 2472 Water body name: Copano Bay/Port Bay/Mission Bay

 Bays and Estuaries Estuary  Sq. milesTotal size:

Assessment Method
Status of Use 

Support or Concern Location
Location 

size
# of 

samples
# of 

exceedances Mean
Assessment

Year

 65.2

(continued) Contact Recreation Use
Overall Recreation Use  Fully Supporting Area near FM 188, west of Rockport 82002

Overall Recreation Use  Fully Supporting Area near SH 35 82002

Overall Recreation Use  Fully Supporting Remainder of bay 41.22002

Water Temperature  No Concern-Limited
Data

Area east of Bayside 4 8 02002

Water Temperature  Fully Supporting Area near FM 136, south of Bayside 4 18 02002

Water Temperature  Fully Supporting Area near FM 188, west of Rockport 8 18 02002

Water Temperature  Fully Supporting Area near SH 35 8 18 02002

 General Use

pH  No Concern-Limited
Data

Area east of Bayside 4 8 02002

pH  Fully Supporting Area near FM 136, south of Bayside 4 18 02002

pH  Fully Supporting Area near FM 188, west of Rockport 8 18 02002

pH  Fully Supporting Area near SH 35 8 18 02002

Overall General Use  Not Assessed Area east of Bayside 42002

Overall General Use  Fully Supporting Area near FM 136, south of Bayside 42002

Overall General Use  Fully Supporting Area near FM 188, west of Rockport 82002

Overall General Use  Fully Supporting Area near SH 35 82002

Overall General Use  Not Assessed Remainder of bay 41.22002

Overall Fish Consumption Use  Not Assessed Area east of Bayside 42002

Overall Fish Consumption Use  Not Assessed Area near FM 136, south of Bayside 42002

Overall Fish Consumption Use  Not Assessed Area near FM 188, west of Rockport 82002

Overall Fish Consumption Use  Not Assessed Area near SH 35 82002

 Fish Consumption Use
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Segment ID: 2472 Water body name: Copano Bay/Port Bay/Mission Bay

 Bays and Estuaries Estuary  Sq. milesTotal size:

Assessment Method
Status of Use 

Support or Concern Location
Location 

size
# of 

samples
# of 

exceedances Mean
Assessment

Year

 65.2

(continued) Fish Consumption Use
Overall Fish Consumption Use  Not Assessed Remainder of bay 41.22002

TDH Maps  Not Supporting Area along southern shore including Port Bay, area
near Bayside (OW)

13.42002

TDH Maps  Fully Supporting Main portion of Copano Bay (OW) 51.82002

 Oyster Waters Use

  Not Supporting Area along southern shore including Port Bay, area
near Bayside (OW)

13.42002

  Fully Supporting Main portion of Copano Bay (OW) 51.82002

 Overall Use Support

Ammonia Nitrogen  No Concern Area east of Bayside 4 10 02002

Ammonia Nitrogen  No Concern Area near FM 136, south of Bayside 4 19 12002

Ammonia Nitrogen  No Concern Area near FM 188, west of Rockport 8 19 02002

Ammonia Nitrogen  No Concern Area near SH 35 8 18 22002

 Nutrient Enrichment Concern

Nitrite + Nitrate Nitrogen  No Concern Area east of Bayside 4 10 22002

Nitrite + Nitrate Nitrogen  No Concern Area near FM 136, south of Bayside 4 17 12002

Nitrite + Nitrate Nitrogen  No Concern Area near FM 188, west of Rockport 8 19 12002

Nitrite + Nitrate Nitrogen  No Concern Area near SH 35 8 14 02002

Orthophosphorus  No Concern Area east of Bayside 4 10 12002

Orthophosphorus  No Concern Area near FM 136, south of Bayside 4 16 22002

Orthophosphorus  No Concern Area near FM 188, west of Rockport 8 14 02002

Orthophosphorus  No Concern Area near SH 35 8 16 12002

Total Phosphorus  No Concern Area east of Bayside 4 10 22002
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Segment ID: 2472 Water body name: Copano Bay/Port Bay/Mission Bay

 Bays and Estuaries Estuary  Sq. milesTotal size:

Assessment Method
Status of Use 

Support or Concern Location
Location 

size
# of 

samples
# of 

exceedances Mean
Assessment

Year

 65.2

(continued) Nutrient Enrichment Concern
Total Phosphorus  Concern Area near FM 136, south of Bayside 4 17 62002

Total Phosphorus  No Concern Area near FM 188, west of Rockport 8 16 02002

Total Phosphorus  No Concern Area near SH 35 8 18 02002

Overall Nutrient Enrichment
Concerns  

No Concern Area east of Bayside 42002

Overall Nutrient Enrichment
Concerns  

Concern Area near FM 136, south of Bayside 42002

Overall Nutrient Enrichment
Concerns  

No Concern Area near FM 188, west of Rockport 82002

Overall Nutrient Enrichment
Concerns  

No Concern Area near SH 35 82002

Overall Nutrient Enrichment
Concerns  

Not Assessed Remainder of bay 41.22002

Chlorophyll a  No Concern Area east of Bayside 4 10 02002

Chlorophyll a  No Concern Area near FM 136, south of Bayside 4 16 12002

Chlorophyll a  No Concern Area near FM 188, west of Rockport 8 16 02002

Chlorophyll a  No Concern Area near SH 35 8 16 02002

Chlorophyll a  Not Assessed Remainder of bay 41.22002

 Algal Growth Concern

85% Metals in sediment  Barium Not Assessed Area east of Bayside 4 1 12002

85% Metals in sediment  Chromium Not Assessed Area east of Bayside 4 1 12002

85% Metals in sediment  Lead Not Assessed Area east of Bayside 4 1 12002

85% Metals in sediment  Metals Not Assessed Area east of Bayside 4 1 02002

 Sediment Contaminants Concern
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Segment ID: 2472 Water body name: Copano Bay/Port Bay/Mission Bay

 Bays and Estuaries Estuary  Sq. milesTotal size:

Assessment Method
Status of Use 

Support or Concern Location
Location 

size
# of 

samples
# of 

exceedances Mean
Assessment

Year

 65.2

(continued) Sediment Contaminants Concern
Overall Sediment Contaminant
Concerns  

Not Assessed Area east of Bayside 42002

Overall Sediment Contaminant
Concerns  

Not Assessed Area near FM 136, south of Bayside 42002

Overall Sediment Contaminant
Concerns  

Not Assessed Area near FM 188, west of Rockport 82002

Overall Sediment Contaminant
Concerns  

Not Assessed Area near SH 35 82002

Overall Sediment Contaminant
Concerns  

Not Assessed Remainder of bay 41.22002

Overall Fish Tissue Contaminant
Concerns  

Not Assessed Area east of Bayside 42002

Overall Fish Tissue Contaminant
Concerns  

Not Assessed Area near FM 136, south of Bayside 42002

Overall Fish Tissue Contaminant
Concerns  

Not Assessed Area near FM 188, west of Rockport 82002

Overall Fish Tissue Contaminant
Concerns  

Not Assessed Area near SH 35 82002

Overall Fish Tissue Contaminant
Concerns  

Not Assessed Remainder of bay 41.22002

 Fish Tissue Contaminants Concern

Overall Narrative Criteria Concerns
 

No Concern Area east of Bayside 42002

Overall Narrative Criteria Concerns
 

No Concern Area near FM 136, south of Bayside 42002

Overall Narrative Criteria Concerns
 

No Concern Area near FM 188, west of Rockport 82002

 Narrative Criteria Concern
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Segment ID: 2472 Water body name: Copano Bay/Port Bay/Mission Bay

 Bays and Estuaries Estuary  Sq. milesTotal size:

Assessment Method
Status of Use 

Support or Concern Location
Location 

size
# of 

samples
# of 

exceedances Mean
Assessment

Year

 65.2

(continued) Narrative Criteria Concern
Overall Narrative Criteria Concerns
 

No Concern Area near SH 35 82002

Overall Narrative Criteria Concerns
 

No Concern Remainder of bay 41.22002

  No Concern Area east of Bayside 42002

  Concern Area near FM 136, south of Bayside 42002

  No Concern Area near FM 188, west of Rockport 82002

  No Concern Area near SH 35 82002

  No Concern Remainder of bay 41.22002

 Overall Secondary Concern

Page : 72004 Water Quality Inventory   (data from 03/01/1996 to 02/28/2001)
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u .s . DEPARTMENT OF COMMERCE
National Oceanic and Atmospheric Administration

National Ocean Service
Da tums Page Page 1 of 4

Station ID:
Name:

NOAA Chart :
USGS Quad:

8774513
COPANO BAY
TEXAS
11313
ROCKPORT

PUBLICATION DATE:
SUPERCEDED DATE:

STATE FISHING PIER, ARANSAS BAY

Latitude:
Longitude:

04 /06 /1992
04/21/2003

2 8 ° 7.1' N
97 ° 1.3' W

To reach the tidal bench marks from the south side of Copano Bay Bridge on State
Highway 35 , proceed south on State Highway 35 for 0.2 mile (0.3 km), turn west
onto the access r o a d and go north for 0.2 mile (0.3 km) to the foot of old
Copano Bay Bridge (now Copano Bay State Fishing Pier) . The bench marks are along
the access road . The tide gauge and staff were on the east side of the pier,
about 0 .2 mile (0 .3 km) from the south foot of the pier.

TID A L BEN C H MAR K S

PRIMARY BENCH MARK STAMPING: 4513 C 1989

MONUMENTATION: Survey Disk
AGENCY:
SETTING CLASSIFICATION : Stainless Steel Rod

VM#:
PID:

10577

The primary bench mark is 149 feet (45 m) north of the third power pole south of
the boat ramp , 62 feet (19 m) WNW of the centerline of the access road, and 56
feet (17 m) SW of the second power pole south of the boat ramp . The bench mark
is crimped to a stainless steel road d riven 64 feet (20 m) to substantial
resistance .

BENCH MARK STAMPING: 4513 A 1989

MONUMENTATI ON: Survey Disk
AGENCY:
SETTING CLASSIFICATION: Concrete Bulkhead

VM#:
PID :

10578

The bench mark is on the NW corner of a bulkhead at a boat ramp, 185 feet (5 6 m)
SW of the SW c orner of the Copano State Fishing Pier building , 167 feet (5 1 m)
WNW of the centerline of the access road, and 4 6 feet (14 m) WNW of the east end
o f the ramp bulkhead.

http://tidesandcurrents.noaa.govlbenchmarkslbenchmarks_o1d/8774513.htm1 11/12/2007
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U.S. DEPARTMENT OF COMMERCE
National Oceanic and Atmospheric Administration

National Ocean Service
Page 2 of 4

Station ID:
Name:

NOAA Chart:
USGS Quad:

8774513
COPANO BAY
TEXAS
11313
ROCKPORT

PUBLICATION DATE:
SUPERCEDED DATE:

STATE FISHING PIER, ARANSAS BAY

Latitude:
Longitude:

04/06 /1992
04/21/2003

28° 7.1' N

97° 1.3' W

TID A L BEN C H MAR K S

BENCH MARK STAMPING: 4513 B 1989

MONUMENTATION: Survey Disk
AGENCY:
SETTING CLASSIFICATION : Concrete Foundation

VM#:
PID:

10579

The bench mark is on the NE corner of a Southwestern Bell Telephone fiber optic
cable junction box, 252.5 feet (77.0 m) SSW of the SE corner of the Copano Bay
State Fishing Pier building, 34 feet (10 m) WNW of the centerline of the access
road, and 19 feet SSW of the first power pole south of the boat ramp.

BENCH MARK STAMPING: 4513 D 1989

MONUMENTATION : Survey Disk
AGENCY:
SETTING CLASSIFICATION: Stainless Steel Rod

VM#:
PID:

10580

The bench mark is 112 feet (34 m) north of the fourth power pole south of the
boat ramp, 92 feet (28 m) SW of the third power pole south of boat ramp, and 61
feet (19 m) WNW of the centerline of the access road. The bench mark is crimped
to a stainless steel rod driven 60 feet (18 m)" to substantial resistance.

BENCH MARK STAMPING: USGS GAGING STATION

MONUMENTATION : Survey Disk
AGENCY:
SETTING CLASSIFICATION: Concrete Foundation

VM#:
PID:

10581

The bench mark is at the south
Texas Highway 35, 122 feet (37
Fishing Pier building, 87 feet
access road, and 6.5 feet (5 .0

foot of Copano Bay Bridge, on the west side of
m) SE of the SE corner of the Copano Bay State

(27 m) east of the centerline of the west
m) west of the centerline of the highway .

http ://tidesandcurrents.noaa.govlbenchmarkslbenchmarks_01d/8774513 .html 11/12/2007
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u.s . DEPARTMENT OF COMMERCE
Na tiona l Oceanic and Atmospheric Administration

National Ocean Service
Page 3 of 4

Station ID :
Name:

NOAA Chart :
USGS Quad:

8774513
COPANO BAY
TEXAS
11313
ROCKPORT

PUBLICATIO N DATE :
SUPERCEDED DATE:

STATE FISHING PIER , ARANSAS BAY

Latitude :
Longitude:

04 /0 6/ 1 992
04 / 21 / 2 003

2 8° 7 .1' N
97° 1 .3 ' W

TID A L D A TUM S

Tidal datums at COPANO BAY STATE FISHING PIER, ARANSAS BAY based on:

LENGTH OF SERIES :
TI ME PERIOD:
TIDAL EPOCH :
CONTROL TIDE STATION :

5 MONTHS
DECEMBER 1989-APRIL 19 90
1960 -1978
8774 7 70 ROCKPORT

El evations of t ida l datums r e f e r r e d to Me a n Lower Lo w Wa t er (MLLW) , i n FEET :

HI GHEST OBSERVED WATER LEVEL (04 /2 6/19 90)
MEAN HIGHER HI GH WATER (MHHW)
MEAN HI GH WATER (MHW)
MEAN TIDE LEVEL (MTL)
MEAN LOW WATER (MLW)
MEAN LOWER LOW WATER (MLLW)
LOWEST OBSERVED WATER LEVEL (12/2 3/1989 )

Na tional Geodetic Ve r t i c a l Datum (NGVD 29)

1. 77
0.4 0
0 . 3 8
0 .19
0. 00
0 . 00

- 1. 63

Bench Mar k Elevation Information In FEET above :

Stamping o r Designat ion MLLW MHW

4 5 13 C 19 89 3.80 3. 4 2
4 5 13 A 198 9 3. 08 2.70
4 513 B 1 98 9 6 .61 6 .2 3
4 51 3 D 1 989 4. 1 0 3.72
USGS GAGING STATI ON 2 0 .4 5 2 0 .0 7

http://tidesandcurrents.noaa.govlbenchmarkslbenchmarks_old/8774513.html 11112/2007
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U.S . DEPARTMENT OF COMMERCE
Na t i onal Oceanic a n d Atmospheric Admi n istration

Nat ional Ocean Service
Page 4 of 4

St at ion ID:
Name:

NOAA Chart:
USGS Quad:

8774513
COPANO BAY
TEXAS
11313
ROCKPORT

PUBLICATION DATE:
SUPERCEDED DATE:

STATE FISHING PIER, ARANSAS BAY

Latitude:
Longitude:

D E F IN I T ION S

04 /06 / 1992
04/2 1/2003

2 8 ° 7.1' N
97 ° 1 . 3 ' W

Mean Sea Leve l (MSL) i s a tidal dat um determi ned over a 19-y ear National Tidal
Datum Ep och . It pert a ins to local me a n sea l e vel a nd s hou ld not be con f used
with the fixed da t ums of North American Vertica l Da tum of 1988 (NAVD 88) .

NGVD 29 is a fixed datum adopted as a national standard geodet ic reference for
heights but is now considered superseded. NGVD 29 is somet imes referred to as
Sea Level Datum of 1929 or as Mean Sea Level on some early issues of Geological
Su rvey Topographic Qua d s . NGVD 29 wa s originally derived from a general
adjustment of the first -order leveling networks of the U.S. and Canada after
holding mean sea leve l observed at 26 long term tide stations a s fixed .
Numerous local a nd wi de - s p r e a d adjustments have been made since establishment in
192 9 . Bench mark e levations relat ive t o NGVD 29 are a vailable from the Nat i ona l
Geodetic Survey (NGS) da t a base v ia the Wo r l d Wide Web a t
Na tional Ge odetic Survey.

NAVD 88 i s a fixed datum derived from a simultaneous , least squares, minimum
constraint adjustment of Canadian/Mexican/United States leveling observations.
Local mean sea level observed at Father Point / Rimouski, Canada wa s held fixed as
the single initial constraint . NAVD 88 replaces NGVD 29 as the national
standard geodet ic reference for heights . Bench mar k elevations relative to
NAVD 88 are available from NGS t h r ough the World Wide Web at
Nationa l Ge odetic Survey.

NGVD 29 and NAVD 88 are fixed geodetic dat ums whose el ev a t i on re lationships to
local MSL and other tidal datums may n o t be consistent from one l oc a t i on to
another .

The Ve r t ica l Ma r k Number (VM# ) and PID# shown on the bench mark sheet are unique
identifiers for bench marks in the t idal and geodetic databases, r espectively.
Each bench mark in e ither database has a single, unique VM# and/or PID# assigned .
Wh e r e both VM# and PID# are indicated, both tidal and geodetic elevations are
av a i l a b l e for the bench ma r k listed.

The NAVD 88 e levation i s s hown on t h e Elevations o f Tida l Da tums Ta ble Referred
t o MLLW only when t wo or more o f the ben c h ma r k s liste d have NAVD 88 e levations .
The NAVD 88 elevation relat ionship s hown in the table is d e r i v e d from an average
of several bench mark elevations relative t o tide s tation datum . As a result o f
this averaging , NAVD 88 bench mark e levations computed indirectly from the tidal
datums elevation table may differ slightly f r om NAVD 88 elevations listed for
each bench mark in the NGS database .

http://tidesandcurrents.noaa.govlbenchmarkslbenchmarks_0Id/8774513.html ·11/12/2007
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Texas State Soil and Water Conservation Board

Protecting and Enhancing Natural Resources for Tomorrow

Primary links

●     Programs 
❍     SWCD Assistance
❍     SWCD Information & Education 

■     2007 Summer Teacher Workshops
■     Soil and Water Stewardship Public Speaking Contest
■     2006 Conservation Awards Poster Contest
■     2006 Conservation Awards Essay Contest
■     TSSWCB 2005 - 2006 Video Library Catalog
■     Conservation Education Models
■     The Wildlife Alliance for Youth

❍     Water Quality Management Plan Program
❍     Poultry WQMP Program
❍     State of Texas Brush Control Program
❍     Statewide NPS Management Program 

■     Statewide NPS Management Program Initiatives 
■     Statewide Bacterial Water Quality Impairment Reduction Initiative

■     Active Projects
■     Completed Projects
■     SMP Archive

❍     Total Maximum Daily Load Program
❍     Watershed Protection Plan Program 

■     Coordinated Watershed Protection in Southeast and South Central Texas
❍     Comprehensive Nutrient Management Plan Program

http://www.tsswcb.state.tx.us/managementprogram/copanoswqm (1 of 6)11/21/2007 4:38:46 AM
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❍     Environmental Data Quality Management
❍     Coastal Nonpoint Source Pollution Control Program
❍     Water Quality Complaint Resolution

●     About Us 
❍     TSSWCB Board Members 

■     Area 1
■     Area 2
■     Area 3
■     Area 4
■     Area 5
■     Governor Apointed (1)
■     Governor Apointed (2)

❍     Customer Service Survey
❍     Rule Review Plan

●     Media & Press 
❍     Media & Press Archive
❍     Conservation News

●     SWCDs 
❍     SWCD Info
❍     SWCD Locator Map 

■     SWCD District 1
■     SWCD District 2
■     SWCD District 3
■     SWCD District 4
■     SWCD District 5

❍     Association of Texas Soil and Water Conservation Districts 
■     ATSWCD Board Members 

■     Area 1
■     Area 2
■     Area 3
■     Area 4
■     Area 5

❍     SWCD Resources 
■     Web-Based Deposit Verification
■     NACD Webmail Setup
■     Outlook 2002 Setup

●     Employment
●     Agency Reports

http://www.tsswcb.state.tx.us/managementprogram/copanoswqm (2 of 6)11/21/2007 4:38:46 AM
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●     Contact Us

Board Meetings | Staff Directory | Agency Organization | Regional Offices | Calendar | Rules | Links

 

  
Home » Statewide NPS Management Program

Surface Water Quality Monitoring to Support 
Development and Implementation of Bacteria 
TMDLs in the Copano Bay Watershed

All Active Projects | Bacteria Projects | Surface Water Quality Monitoring Projects | Total Maximum 
Daily Load Projects 

Copano Bay is located in the San Antonio-Nueces Coastal Basin. The bay covers parts of Aransas and 
Refugio counties, while the watershed also encompasses Bee, Goliad, Karnes and San Patricio counties. 
Mission Bay and Port Bay are sub-bays of Copano Bay and are included in Segment 2472. Segment 
2472 is the receiving body of the Mission and Aransas Rivers. 

Mission River above Tidal (Segment 2002) begins at the confluence of Blanco and Medio Creeks in 
Refugio County and is 9 miles in length. Mission River Tidal (Segment 2001) begins at a point 4.6 miles 
downstream of US 77 in Refugio County, is 19 miles in length, and flows into Mission Bay. 

Aransas River above Tidal (Segment 2004) begins at the confluence of Poesta and Aransas Creeks in 
Bee County and is 35 miles in length. Aransas River Tidal (Segment 2003) begins at a point one mile 
upstream of US 77 in Refugio/San Patricio County, is 6 miles in length, and flows into Copano Bay. The 
Aransas River forms a portion of the boundary between Refugio and San Patricio Counties, from the 
Bee County line to the bay. 

According to the 2004 Texas Water Quality Inventory and 303(d) List, Copano Bay (Segment 2472) is 
impaired for bacteria in oyster waters (category 5c) in the area along the southern shore including Port 
Bay and the area near Bayside. Mission River Tidal (Segment 2001) and Aransas River Tidal (Segment 
2003) are both impaired for bacteria (contact recreation).

A Total Maximum Daily Load (TMDL) study to address the bacteria in oyster waters in Copano Bay 
was initiated in 2003 by the Texas Commission on Environmental Quality (TCEQ). A bacteria loadings 
model for the Mission and Aransas Rivers watersheds was developed. Nonpoint source contributions 
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were based primarily on land use/land cover information and estimated livestock densities of each 
county. Point source contributions included wastewater treatment plants, septic systems, and direct 
deposition by water birds. Bacterial Source Tracking was conducted for the area around and in Copano 
Bay. Antibiotic resistance analysis was conducted and found contributions from humans/sewage, 
livestock and ducks. Other wildlife and gulls contributed relatively little contamination.

TCEQ has hosted several public meetings regarding the TMDL project for Copano Bay. Stakeholders at 
those meetings have expressed concern regarding the limited dataset, both in number of samples used in 
the analysis and in the geographic extent of samples. In response, TSSWCB has worked with the Nueces 
River Authority (NRA) to develop and fund this project. Surface water quality monitoring (SWQM) data 
collected through this project will be utilized to better understand fate and transport mechanisms of 
bacteria in the Copano Bay watershed. SWQM data collected through this project will be utilized to 
enhance the TMDL model, as well as, to clarify the 5c impairments in the tidal portions of Mission and 
Aransas Rivers. Additionally, SWQM data collected through this project will be utilized to monitor 

http://www.tsswcb.state.tx.us/managementprogram/copanoswqm (4 of 6)11/21/2007 4:38:46 AM
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water quality improvement and implementation progress of any TMDLs adopted for the Copano Bay 
watershed.

This project will generate data of known and acceptable quality for monitoring of river stations on 
Segments 2472 (Copano Bay), 2001 and 2002 (Mission River), and Segments 2003 and 2004 (Aransas 
River) for field, conventional (TSS and turbidity), flow (non-tidal river segments), and bacteria 
parameters to support the TMDL for bacteria. Three types of SWQM will be conducted: routine 
ambient, targeted watershed, and effluent.

This project will provide for up to six monitoring events for each of three years at up to 30 sites. Two 
dry weather samplings will be scheduled for July and September of each year, and there will an attempt 
to capture up to four wet/runoff events each year. Specific sampling sites will be re-evaluated each year. 
Wastewater treatment facilities will be asked to submit end-of-pipe samples for the days of each of the 
sampling events. There are 16 permitted dischargers in the Copano Bay watershed. 

NRA will conduct most of the work performed under this project including technical and financial 
supervision, preparation of status reports, surface water quality monitoring sample collection, and data 
management. Bacteria analysis will be conducted by the Texas A&M University-Corpus Christi 
Microbiology Laboratory and conventional data analysis will be performed by the Lower Colorado 
River Authority Environmental Services Laboratory. NRA will participate in the Copano Bay TMDL 
stakeholder meetings in order to summarize activities and achievements made throughout the course of 
this project. NRA will post monitoring data to their website in a timely manner. 

Project Goals/Objectives: Provide quality assured surface water quality monitoring data to support 
development of bacteria TMDLs for Copano Bay and Mission and Aransas Rivers.

Project Location: Copano Bay watershed (including Mission and Aransas Rivers) in Aransas, Bee, 
Goliad, Karnes, Refugio and San Patricio Counties

Project Costs: Federal ($214,388); Non Federal Match ($162,945); Total Project: ($377,333) 

Project Participant(s): TSSWCB, Nueces River Authority

Project Workplan: 06-15 (PDF, 571 kB)

Quality Assurance Project Plan: QAPP 06-15 (PDF, 2.08 MB)

Note On Viewing Portable Document Format (PDF) documents

To view the PDF document listed on this page you will need to have Adobe Acrobat® Reader installed on your 
computer. The software is available as a free download from the Adobe website.
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format this article to print

COPANO BAY. Copano Bay, just west of Rockport off Refugio and Aransas 
counties, is a twelve-by-six-mile extension of Aransas Bay (at 28° 07' N, 97° 07' W). 
The bay was first explored in 1766 by Diego Ortiz Parrilla,qv who named it Santo 
Domingo, but after the port of Copano was established in 1785 and named for the 
Copane Indians in the area, the bay became known as Copano Bay. The surrounding 
flat, marshy terrain is surfaced by sand and dark clays that support mesquite and 
grasses. 
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GulfBase - Copano Bay
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Copano Bay

Photo courtesy Texas Parks & Wildlife © 2004

From: TPWD, 2004; TSHA, 2004

Copano Bay is located in Texas, just west of 
Rockport off Refugio and Aransas counties. The 
bay was first explored in 1766 by Diego Ortiz 
Parrilla, who named it Santo Domingo, but after 
the port of Copano was established in 1785 and 
named for the Copane Indians in the area, the 
bay became known as Copano Bay. 

Copano Bay is actually a nineteen-by-ten-km 
extension of Aransas Bay. The bay is surrounded 
by flat, marshy terrain surfaced by sand and dark 
clays that support mesquite and grasses. The 
area is home to numerous migratory and 
recreational birds including whooping cranes, royal and gull-billed terns, black-necked stilts, roseate 
spoonbills, reddish egrets, white-faced ibis, seaside sparrows, brown pelicans, mottled ducks, black-bellied 
whistling-ducks and herons. Famous attractions here include the Copano Bay State Fishing Pier, which is a 
0.02 sq km concession-operated state park. Others include Goose Island and Matagorda Bay. Picnicking is 
allowed but there are no facilities. Saltwater fishing, boating, and swimming activities are common.

 

Copano Bay

Coordinates:   28.12° N  97.11° W

Additional Information:
Texas Parks & Wildlife Department: Copano Bay State Fishing Pier
Texas State Historical Association Online: Copano Bay

Keywords:   Bird, Marsh, Tidal flat, Matagorda Bay, Goose Island, Aransas Bay
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Database for Gulf of Mexico Research. World Wide Web electronic publication. http://www.gulfbase.org, 
21 November 2007.

●      

http://www.gulfbase.org/bay/view.php?bid=copano1 (1 of 2)11/21/2007 7:20:41 AM

http://www.gulfbase.org/
http://www.gulfbase.org/bay/index.php
http://www.gulfbase.org/
http://www.gulfbase.org/
http://www.harteresearchinstitute.org/
http://www.gulfbase.org/
http://www.gulfbase.org/event/
http://www.gulfbase.org/organization/
http://www.gulfbase.org/organization/
http://www.gulfbase.org/person/
http://www.gulfbase.org/bay/
http://www.gulfbase.org/reef/
http://www.gulfbase.org/reef/
http://www.gulfbase.org/issue/
http://www.gulfbase.org/issue/
http://www.gulfbase.org/facts.php
http://www.gulfbase.org/facts.php
http://www.gulfbase.org/exploration/
http://www.gulfbase.org/other.php
http://www.gulfbase.org/other.php
http://www.gulfbase.org/checklist.php
http://www.gulfbase.org/checklist.php
http://www.gulfbase.org/bay/view.php?bid=aransas
http://www.gulfbase.org/reef/view.php?rid=goose
http://www.gulfbase.org/bay/view.php?bid=matagorda
http://www.tpwd.state.tx.us/park/copano/
http://www.tsha.utexas.edu/handbook/online/articles/view/CC/rrc3.html
http://www.gulfbase.org/bay/update.php?bid=copano1
http://www.gulfbase.org/
http://www.harteresearchinstitute.org/
http://www.tamucc.edu/
http://www.tamucc.edu/


GulfBase - Copano Bay

You are visitor  since October 15, 2002. GulfBase Team   Contact Info

http://www.gulfbase.org/bay/view.php?bid=copano1 (2 of 2)11/21/2007 7:20:41 AM

http://www.gulfbase.org/us.php
http://www.gulfbase.org/contact.php


 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 

REFERENCE 33 
 



Precipitation Maps for USA

Precipitation Maps for the 
USA

24-hour duration storms for Return Periods of 2, 5, 10, 25, 50, and 100 year rainfall 
events

Geographic boundaries for SCS Rainfall Distributions

Graph showing SCS 24-hour cumulative rainfall distribution

 To:  Rainfall-Runoff Calculation  Detention Storage Calculation 
 Unit Conversions   LMNO Engineering home page  

The rainfall distribution type (I, IA, II, or III) and quantity of precipitation are required inputs to our hydrology (rainfall-runoff, 
peak discharge) calculation and detention storage calculation.  For regions within the USA, use the figures below to determine 
rainfall distribution type and quantity of precipitation.  For regions outside the USA, determine which rainfall distribution type best 
matches your region; find the precipitation quantity from local precipitation maps.

All figures are from:
U.S. Soil Conservation Service.  Technical Release 55: Urban Hydrology for Small Watersheds.  USDA (U.S. Department of 
Agriculture).  June 1986.  Available from NTIS (National Technical Information Service), NTIS # PB87101580.  Also available on 
the web in .pdf  format at ftp://ftp.wcc.nrcs.usda.gov/downloads/hydrology_hydraulics/tr55/tr55.pdf .

Quick links on this page:
SCS 24-hr rainfall distribution type graph
Geographic boundaries within the USA for SCS rainfall distributions
24-hr duration rainfall maps of USA with return periods of:  2-yr   5-yr  10-yr  25-yr  50-yr  100-yr

 

Fig. B-1.  SCS 24-hour rainfall distributions (SCS, 1986):
(y-axis reads "Fraction of 24-hour rainfall" and x-axis reads "Time, hours")
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Precipitation Maps for USA

Fig. B-2.  Approximate geographic boundaries for SCS rainfall distributions (SCS, 1986):

 

Fig. B-3.  2-Year Return Period, 24-hour Duration Precipitation, inches (SCS, 1986):
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Fig. B-4.  Five Year Return Period, 24 hour Duration Precipitation, inches (SCS, 1986):
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Fig. B-5.  Ten Year Return Period, 24 hour Duration Precipitation, inches (SCS, 1986):
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Fig. B-6.  25-Year Return Period, 24 hour Duration Precipitation, inches (SCS, 1986):
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Fig. B-7.  50-Year Return Period, 24 hour Duration Precipitation, inches (SCS, 1986):
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Fig. B-8.  100-Year Return Period, 24 hour Duration Precipitation, inches (SCS, 1986):
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Record of Communication Form 
 

 1

 
DATE: November 17, 2007  
 
PROJECT/SITE NAME:  Leo Miller Road     
CERCLIS No.:  TXN000606818 
TDD #: T0-0009-07-08-01 
 
CALL TO: Raul Rodriguez, START-3 
CALLED BY: Steve Cowan, Dynamac START-3 PjM 
SUBJECT: Corpus Christi Water Supply System 
DATE CALLED: November 17, 2007 
 
CONVERSATION: 
 
STEVE COWAN, START-3 PJM FOR THE LEO MILLER SITE CALLED 
FELLOW START-3 TEAM MEMBER RAUL RODRIGUEZ TO ASCERTAIN 
THE SOURCE OF DRINKING WATER FOR CORPUS CHRIST, TEXAS.  
CORPUS CHRISTI SELLS POTABLE WATER TO THE SAN PATRICIO MUD.  
THE SAN PATRICIO MUD SELLS THE POTABLE WATER TO THE CITY OF 
TAFT, AND SEVERAL RURAL WATER SUPPLY COMPANIES IN THE 
VICINITY OF THE LEO MILLER ROAD SITE.  MR. RODRIGUEZ 
CURRENTLY LIVES IN CORPUS CHRISTI.  MR. RODRIGUEZ STATED 
THAT CORPUS CHRISTI OBTAINS POTABLE WATER FROM SURFACE 
WATER INTAKES LOCATED IN THE NUECES RIVER. 
 
THE NUECES RIVER IS NOT PART OF THE POTENTIAL 15-MILE 
DOWNSTREAM TARGET DISTANCE LIMIT FOR THE LEO MILLER SITE. 
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The Port Bay Hunting and Fishing Club, Rockport, Texas - portbayclub.com

      The Port Bay Hunting & Fishing Club
TEXAS OLDEST HUNTING AND FISHING CLUB

  

The Port Bay Club lies about four miles southwest of Rockport, over a half mile off FM 1069 
down the hard surfaced road marked "Port Bay Club, Historical Marker". It is the oldest 
hunting and fishing club in Texas, started in 1909. It fronts on the slender body of water from 
which the Club derives its name. 
Port Bay property is the narrow, southernmost "tail" of Copano Bay, one of the largest 
protected inland bays along the Texas Coast, and a legendary fishing and wildlife area. Just 
north and east of Copano is the famous Aransas National Wildlife Refuge.
The Club is prominently featured in the book Texas Tides by Tosh Brown, who writes of 
"tagging along on the bay with, my father" starting around 1972.
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The Port Bay Hunting and Fishing Club, Rockport, Texas - portbayclub.com

 

Port Bay on Television 
A Ducks Unlimited film crew came 
to the club this past season. 
That film was broadcast nation wide on 
the Outdoor Life Network (OLN) August 
6, August 7, August 9, 2006. 

Early History

The Club Today

The Port Bay Tradition

The Hunting Experience at Port 
Bay

Fishing at Port Bay

The Past, Present and Future of 
Texas Duck Hunting

Port Bay Club Amenities

Pictures

Jan.2006 Newspaper Article

Sept.2006 Newspaper Article

Jan.2007 Newspaper Article - KING 

OF CLUBS -   NEW!

Port Bay Club brochure - pdf 
format 
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The Port Bay Hunting & Fishing Club, Inc.
www.portbayclub.com

(361) 729-6971

310 Port Bay Road 
Rockport 

Texas 78382 

Mailing address:
P O Box 668, Rockport, TX 78381

Email: portbayclub yahoo.com 

Fax: 361-729-3512
Membership questions: (210) 494-1042 or (210) 264-3396 

PBC Members Protected Area
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Username:

Password:

Note: if temporary login problems due to CGISpy.
com - try a little later 

© 2007 WebRing Inc.

Fishing Webring
<< Prev | Ring Hub | Join | Next 
>> 

Visit a complete list of WebRing memberships here

Copyright: The Port Bay Hunting and Fishing Club 

Search words: portbay club port bay club fishing hunting club corpus christi texas rockport rock port aransas copano bay portbay 
portbayclub
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      The Port Bay Hunting & Fishing Club
TEXAS OLDEST HUNTING AND FISHING CLUB

Fishing at Port Bay

The full, formal name of the Club is "Port Bay Hunting 
and Fishing Club". Duck and goose hunting during the 
fall and winter season tends to be the focus of the Club, 
but fishing opportunities at Port Bay and around 
Rockport should by no means be discounted. Port and 
Copano Bays have long offered some of the best fishing 
on the Texas Coast, and they still do. 

Redfish, trout, flounder and drum are the prize catches of 
the area, and as anyone with a taste for good seafood 
knows, they are well worth the effort. Fishing can be 
done from the end of the Club's long pier, or members 
can use the small skiffs to fish the Bay and shallows 
anytime throughout the year. During duck season, the 
energies of the manager and guides are mostly devoted to 
hunting. But during other times of year, the manager and 
guides know the Bay and fishing as well as anyone on the Coast and, with reasonable 
prearrangement, will take members on guided fishing expeditions from the Club.

In addition to the Club's facilities, Rockport is a favorite Texas vacation spot and fishing port. It is 
home base to many captains with well-outfitted charter boats of all sizes who can take you on 
about any kind of fishing trip you want. In this capacity, the Club functions as a pleasant and 
economical overnight accommodation where members are known and valued, and where they can 
always count on good meals and the Club's friendly hospitality. Members who are ardent 
fishermen have stories to tell of ice chests carted back home containing 40 to 60 pounds of Texas 
redfish and flounder.
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Caught by Steve Saks and Family, early November 2005: 

  

From the 2005 fishing season. The red had over 100 spots and was released! Don Heep, angler.
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April 21, 2007, drum caught off the pier

Port Bay Club brochure - pdf format 
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Alan Skrobarcek (Port Bay assistant manager)
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The Port Bay Hunting & Fishing Club, Inc.
www.portbayclub.com

(361) 729-6971

310 Port Bay Road 
Rockport 

Texas 78382 

Mailing address:
P O Box 668, Rockport, TX 78381 

Fax: 361-729-3512
Membership questions: (210) 494-1042 or (210) 264-3396 

Search words: portbay club port bay club fishing hunting club corpus christi texas rockport rock port aransas copano bay portbay portbayclub
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      The Port Bay Hunting & Fishing Club
TEXAS OLDEST HUNTING AND FISHING CLUB

The Hunting Experience at Port Bay

A Port Bay duck hunt typically begins at around 5:00 a.m., 
depending on time of first light. The clangorous ringing of a ship's 
bell up and down the dormitory halls awakens the hunters. Fifteen 
minutes later a second bell summons every one to a hot breakfast 
in the dining room.

After breakfast, coffee, and drawing for blinds, hunters return to 
their rooms and get themselves outfitted. Guides appear shortly 
and take guns, ammunition and gear to the waterfront. Bay hunters 
then drive or walk to the pier and board the launch and small skiffs 
that take them and their guides to within a short distance of their 
blinds. Blinds are built in shallow water where ducks like to feed. 
The larger, deeper draft launch must stay in the Bay's channels, so 
hunters and their guides must motor to the blinds in the skiffs, 
powered by small 7 to 10 hp out-boards. Decoys owned and 
furnished by the Club are deployed; then boats are shoved into the 
cover of the blinds to await the first ducks. The rhythm of each 
morning's schedule is governed by sunrise.
The object is to be in the blind with decoys out just before legal 
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Hunting - The Port Bay Hunting and Fishing Club, Rockport, Texas - portbayclub.com

hunting time - usually 30 minutes before sunrise.

The Club owns 115 acres of prime hunting marshland. If winds on 
the Bay are high, or tide is too high or low, or often just for pure 
variety, some hunters prefer to go to "the Lease". Depending on 
the time of season, different kinds of ducks are more likely to be 
found on the Lease than in the Bay. Lease hunters depart after 
breakfast just as do Bay hunters and travel with their guides to the 
Lease in their own or Club vehicles.

Pick up of the skiffs on the Bay by the launch is about 11:00 a.m. 
The launch tows the chain of small boats back across the Bay to 
the Club, trailed often by swarms of seagulls attracted by the duck 
picking. Sometimes playful porpoises join the flotilla.
A hearty, hot lunch is served at 12:30. For those hunters who did 
not get their limits on the morning hunt, the afternoon hunt begins 
shortly after lunch about 1:30 p.m. Late afternoon pickup on the 
Bay is about 5:00 p.m. A hot dinner is served at 7:00. In between 
is time for gun cleaning, hunting stories and cocktail hour.
For those lucky hunters who did limit out in the morning, there is a 
leisurely afternoon for a nap, book, walk, or a trip into Rockport, 
Corpus Christi, or the Aransas National Wildlife Refuge.

When the seasons and birds accommodate, afternoon dove hunting 
is also an option. The Club is usually successful in obtaining 
access to prime dove hunting land within an hour drive from the 
Clubhouse.
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      The Port Bay Hunting & Fishing Club
TEXAS OLDEST HUNTING AND FISHING CLUB

The Club Today

Transportation and accessibility have improved notably since then, 
but many other aspects of the Port Bay Club have remained 
virtually unchanged. Authorized membership is still just 100 
regular members, 25 fishing members, and 10 honorary members. 
The original Club buildings still stand and serve, albeit with 
updating and modernization. When Sorenson moved his operation 
in 1909, he floated two buildings on barges across the bay.

These modest turn-of-the-century structures functioned as the 
Club's kitchen and dining room until totally rebuilt. Added to them 
through the years are two dormitory sections, separate houses for 
the Club's manager, guides and cook, plus a recreation room. The 
main buildings are joined together by short breezeways and graced 
with a 200-foot long bayside front porch. They are painted in the 
classic Texas Coastal colors of white and battleship gray.

As of old, the interior hallways are lined with members' lockers. 
Rooms are named after ducks and fish - Mallard, Spoonbill, 
Widgeon, Pintail, Perch and so on. The rooms, high ceilinged and 
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spacious by contemporary standards, sleep two to six persons 
each. Each contains, in addition to beds, a lavatory basin and 
mirror with hot and cold water, a bar table (with ice bucket), and a 
gun rack. Floors are linoleum with throw rugs to protect against 
cold feet. Plentiful hooks and gadget shelves line the walls for 
hunting gear and personal paraphernalia. Modem bathrooms and 
showers are down the hall.

There is nothing fancy about Port Bay's accommodations, but they 
have the charm and proven function of comfortable Texas 
"hunting camp" tradition. All of the rooms are air-conditioned for 
summer comfort and well heated - an essential to winter duck 
hunting comfort on cold December and January nights when a 
brisk north wind is blowing off the Bay.

One welcome change that has occurred over the years is that many 
members now bring their wives and families with them. In the late 
'40s or early '50s, a women's bathroom and shower was installed in 
the first dormitory building. It was recently expanded and 
remodeled to meet ladies' standards.

The Club property today is 46 contiguous acres and 115 acres of 
nearby marshland. Originally it was 240 contiguous acres, but 
nearly 200 acres were sold during the Great Depression to keep the 
Club afloat during that difficult time. Our current acreage suffices 
well for today's activities, the waterfront and pier giving access to 
the entire Bay over which it is practical to range from the property.

The Clubhouse is located about 160 yards from the bay front, 
where the Club's boats and marine facilities are located. These 
include a 750-foot pier with tolerable fishing off the lighted end, a 
boathouse, a duck picking/fish cleaning house, and a motor storage 
house.

The Club owns a motor launch and a number of small, flat bottom 
skiffs powered by small outboards. Additionally, the Club lays 
claim to (and its claim is honored) 40 duck blinds constructed over 
the expanse of the Bay, Swan Lake and Marsh, all within 
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reasonable distance of about two miles of the Clubhouse by motor 
launch and skiff. Each fall these blinds must be laboriously rebuilt 
and renewed, but their locations and names endure - from season 
to season. Gradually they become old friends with whom one 
renews acquaintance each new year - though with varying degrees 
of affection depending on past luck in different ones. Those most 
prized are located in and around Swan Lake across the Bay, where 
hunting is often - though not always - best. Hunters' blind 
selections are determined by draw at breakfast and lunch just 
before each morning and afternoon hunt.
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www.portbayclub.com

(361) 729-6971
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      The Port Bay Hunting & Fishing Club
TEXAS OLDEST HUNTING AND FISHING CLUB

Early History

As an institution, the Port Bay Club is the oldest, continuously 
operated hunting and fishing establishment in Texas. The Club 
property was acquired in 1909 by a hunting and fishing guide 
named Andrew Sorenson, who until that time had been operating a 
place at Clubhouse Point across the Bay. The Club premises had 
been known as "the old Kemp Place" and were already famous for 
good hunting and fishing.

In May of 1912 Sorenson decided to incorporate his operation into 
a private club and sold shares at $150 each to 100 members. 
Because of the area's reputation as a sportsman's paradise, 
Sorenson had little trouble recruiting his original charter 
membership. Word spread among business and professional men 
who had been Sorenson's clients through the years, with the result 
that among the Club's charter members not only were Texans, but 
men from far away places such as New York, Chicago, St. Louis, 
Cincinnati and Atlanta, including a former governor of Wisconsin, 
G. W. Peck.
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All this is rather remarkable, for in those days there was little 
urbanization or infrastructure along the Texas Coast. Many 
members traveled to the Club by way of the old San Antonio and 
Aransas Pass Railroad (later a Southern Pacific branch line) to 
Gregory, where they were picked up by a local jitney service, or 
sometimes the Club manager, and transported to the Club.

Home

Early History

The Club Today

The Port Bay Tradition

The Hunting Experience at Port Bay

Fishing at Port Bay

The Past, Present and Future of Texas Duck Hunting

Port Bay Club Amenities

Pictures

Jan.2006 Newspaper Article

Sept.2006 Newspaper Article

Jan.2007 Newspaper Article - KING OF CLUBS -   NEW!

Port Bay Club brochure - pdf format 

http://portbay.ms11.net/early_history.html (2 of 3)11/21/2007 7:33:18 AM

http://portbay.ms11.net/index.html
http://portbay.ms11.net/tradition.html
http://portbay.ms11.net/duck_hunting.html
http://portbay.ms11.net/amenities.html
http://portbay.ms11.net/pictures.html
http://portbay.ms11.net/cccarticle.html
http://portbay.ms11.net/cccarticle2006.html
http://portbay.ms11.net/newsarticle2007.html
http://portbay.ms11.net/pdf/portbayclub.pdf


Early History - The Port Bay Hunting and Fishing Club, Rockport, Texas - portbayclub.com

The Port Bay Hunting & Fishing Club, Inc.
www.portbayclub.com

(361) 729-6971

310 Port Bay Road 
Rockport 

Texas 78382 

Mailing address:
P O Box 668, Rockport, TX 78381 

Fax: 361-729-3512
Membership questions: (210) 494-1042 or (210) 264-3396 

Search words: portbay club port bay club fishing hunting club corpus christi texas rockport rock port aransas copano bay portbay 
portbayclub

http://portbay.ms11.net/early_history.html (3 of 3)11/21/2007 7:33:18 AM



 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 

REFERENCE 36 
 



Record of Communication Form 
 

 1

 
DATE: October 10, 2007  
 
PROJECT/SITE NAME:  Leo Miller Road     
CERCLIS No.:  TXN000606818 
TDD #: T0-0009-07-08-01 
 
CALL TO: Jim Tolan, Coastal Fisheries Ecologist, Texas Parks and 

Wildlife 
CALLED BY: Raul Rodriguez, Dynamac START-3 
SUBJECT: Fisheries in Port and Copano Bay’s 
DATE CALLED: October 10, 2007 
 
CONVERSATION: 
 
START-3 CONTACTED MR. JIM TOLAN, A COASTAL FISHERIES 
ECOLOGIST WITH THE TEXAS PARKS AND WILDLIFE TO OBTAIN 
DOCUMENTATION RELATED TO FISHERIES IN PORT AND COPANO 
BAY’S.  ACCORDING TO MR. TOLAN, NO COMMECRIAL FISHING 
OCCURS IN PORT BAY; HOWEVER, RECREATIONAL FISHING DOES 
OCCUR IN BOTH BAYS’.  WHEN IT WAS MENTIONED THAT START 
OBSERVED CRAB TRAPS IN PORT BAY ON OCTOBER 9, 2007, MR. TOLAN 
INFORMED START THAT CRAB FISHING WAS NOT SUPPOSE TO OCCUR 
IN PORT BAY, BUT, THAT THE CRAB FISHERMAN WILL PLACE THEIR 
TRAPS AT ANY LOCATION THAT THEY CAN GET ACCESS TO.  
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Record of Communication Form 
 

 1

 
DATE: October 10, 2007  
 
PROJECT/SITE NAME:  Leo Miller Road     
CERCLIS No.:  TXN000606818 
TDD #: T0-0009-07-08-01 
 
CALL TO: Pat Cruz, Environmental Specialist, Seafood and Aquatic Life 

Group, Texas Department of Health 
CALLED BY: Raul Rodriguez, Dynamac START-3 
SUBJECT: Fisheries in Port and Copano Bay’s 
DATE CALLED: October 10, 2007 
 
CONVERSATION: 
 
START-3 CONTACTED MR. PAT CRUZ, AN ENVIRONMENTAL SPECIALIST 
FOR THE SEAFOOD AND AQUATIC LIFE GROUP OF THE TEXAS 
DEPARTMENT OF HEEALTH TO OBTAIN DOCUMENTATION RELATED 
TO FISHERIES IN PORT AND COPANO BAY’S.  MR. CRUS INFORMED 
START THAT PORT BAY IS THE SOUTHERN-MOST BODY OF WATER 
THAT EXTENDS FROM COPANO BAY; IS A SHALLOW BAY WITH 
NUMEROUS OYSTER BEDS THAT INCREASE THE HAZARD OF 
NAVIGATING THE BAY.  MR. CRUZ VERIFIED THAT NO COMMECRIAL 
FISHING OCCURS IN PORT BAY; HOWEVER, RECREATIONAL FISHING 
DOES OCCUR IN BOTH BAYS’.  WHEN IT WAS MENTIONED THAT START 
OBSERVED CRAB TRAPS IN PORT BAY ON OCTOBER 9, 2007, MR. CRUZ 
VERIFIED MR. TOLAN, TP&W, THAT CRAB FISHING WAS NOT SUPPOSE 
TO OCCUR IN PORT BAY, BUT, THAT THE CRAB FISHERMAN WILL 
PLACE THEIR TRAPS AT ANY LOCATION THAT THEY CAN GET ACCESS 
TO.  
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Welcome!
Welcome and please enjoy Redfish Lodge on Copano Bay.

Redfish Lodge is more than just great fishing facility. Located along the gulf coast of 
Texas in Rockport, it is situated on a mile long peninsula overlooking majestic Copano Bay on one side, and on the other an unspoiled marsh. It 
is the perfect setting to relax and enjoy the best sunsets the state has to offer. 

Redfish Lodge offers luxury accommodations and gourmet dining, including a beautifully furnished 
interior for an array of functions, meetings, dining, socializing or just plain entertaining. The facility is perfect for small or large groups of fishing 
enthusiasts or corporate groups that are looking for a special locale to have some serious fun.

Please call 1-800-392-9324 to make a reservation or with any questions, or comments.

We leave nothing to the imagination. Redfish Lodge was one of the first lodges to explore the options of saltwater sport fishing on the Texas 
Coast. As a result we have incomparable knowledge of the fishing areas and techniques required to maintain the status of a world class fishing 
destination. Redfish Lodge has a full staff of its own experienced professional guides that will plan your fishing trip to suit your needs; whether it 
be wading the back lakes and fly casting to tailing fish, or throwing topwater lures for trophy specks. You can also enjoy fishing at night off our 
private lighted piers and beach. 

The Ruddy Lodge 
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Redfish Lodge

Finally, if you are looking for a more private lodge for smaller groups, the Ruddy Lodge takes the fishing experience to a new level. Housed in a 
3600 sq. ft. Vermont timber frame structure, it is the ultimate facility for groups of 6 to 8 guests. The Ruddy is reserved solely for groups who 
want their own private lodge and staff. 

(more) 
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Fishing 
All of the fishing at Redfish Lodge is done in the bay systems surrounding Rockport in six inches to six feet of water. Our guides have extensive 
knowledge of the waters and fish out of 21 to 24 foot shallow-draft boats designed for this area. Two or three fishermen and one guide will be 
assigned to each boat, unless alternate plans are made in advance. 

The main quarry are the redfish and speckled trout. Flounder and drum can also be found certain times of year. Some of these fish can exceed 
12 pounds and are excellent gamefish and table fare. 

The tackle consists of seven foot light-action rods and reels equipped with 8-12# line. Although most fishing is done from the boat, wadefishing 
the flats is also very popular and rewarding. Between October and April the water is cold enough that we recommend the use of waders. 

During the right times of year and in the right weather conditions, stalking and sightcasting to feeding fish can make for a great day. Bait and 
lure fishing are both effective techniques for catching the local fish. Live and dead shrimp, mullet, mud minnows, and croakers all pay off at 
certain times of the year. Useful artificials include topwaters, soft plastic shrimptails, and gold and silver spoons. 

Redfish Lodge has 6 boats that accommodate 3 anglers comfortably for a total of 18, the capacity of the lodge. Extra boats and guides are 
available if you wish to only fish two to a boat but there will be an additional charge.
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Oversized Fish 
Why was a 47-inch redfish weighing in at 35 pounds caught in Copano Bay in May of 2006?

This fish represented the fourth time in three years that the Redfish Lodge record was broken and was also recognized by the State of Texas to 
be the largest redfish ever to be taken from this bay system!

In recent years, Rockport anglers have been the beneficiaries of a fishing trend that has everyone scratching their heads and smiling. Oversized 
reds, which are redfish in excess of 28 inches in length, are being caught in the bay systems of the Coastal Bend with greater size and frequency 
than ever before. While they have always been residents on the jetties and near shore rigs, bull reds (as they are commonly known) can now be 
found in great numbers throughout the shallow bay systems of Central Texas. While no one is complaining about this trend, several anglers and 
biologists alike have began to wonder why this is happening.

The natural life cycle of a redfish calls for the fish to be born and grow to maturity in the bays and estuaries and then permanently migrate to the 
Gulf of Mexico by the time they are 7 to 10 years of age and 28 to 32 inches long. The spawning portion of their life begins after this migration 
and can last in excess of 20 years.

When this trend first began in the late 1990s, biologists suggested that it had to do with an error in the hatcheries. The reds, which the 
hatcheries began releasing in the late 1980s, may have been born into water that was too warm. Therefore, the first few graduating classes from 
the hatchery preferred the warmer bay over the cooler gulf and never left. By the time these fish reached ten years of age, they were noticeably 
larger than the wild redfish in the bays. Stocked redfish had no genetic markers to positively identify them from wild reds, however, so this 
theory was never proven. Additionally when the water temperature problem was corrected, the trend seemed to stay the same.

The introduction of the oversized redfish tag on a Texas fishing license in 1994 suggested that the trend was here to stay. The spawning 
population in the gulf was not declining, as a matter of fact it was steadily on the rise. With the number of keeper size and undersized reds was 
also increasing, but not as significantly as the bulls. Biologists now suggest that the influx of big reds may be “migratory” fish moving in and out 
of gulf passes with the huge masses of baitfish such as menhaden and mullet, and may stay in the bays until the food supply runs out. Another 
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theory is that the population density of the gulf is at an all-time high and that they are simply not needed out there.

The fact of the matter is that the abundance of big redfish is due to a perfect growing recipe:

Oversize Redfish Recipe
1. Close the commercial fishing industry. 
2. Add one CCA stocking program. 
3. Season with healthy baitfish population, 
4. Skim out a significant freeze. 
5. Simmer for 17 years, and enjoy. 
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Our Fish
The primary quarry at Redfish Lodge consists of redfish, speckled seatrout, flounder, and black drum. During all or parts of our fishing season, 
lodge guests may also catch oversized redfish and black drum in excess of 25 pounds, kingfish, sheephead, cobia(ling), tarpon, Spanish 
mackerel, ladyfish, tripletail, jack crevalle, and several species of snapper. To improve your odds of catching some of these other fish, ask which 
months are best for your target fish when making your booking arrangements. The Lodge motto is "If it swims we will catch it".

There are many different species of fish in the Rockport / Redfish Lodge fishery but the most sought after are the most delicious. The box below 
gives the Texas regulation limits. The Lodge however strongly encourages catch and release.

SPECIES DAILY BAG MIN SIZE MAX SIZE

Redfish 3 20 28

Black Drum 5 14 30

Trout Spotted (Wakefish) 10 15 15-25

Sheepshead 5 12 none

Flounder 10 14 none

Snapper, Red 4 15 none

Snapper, Lane none 10 none

Sharks 1 24 none

Cobia 2 37 none

Mackerel, King 2 27 none

Mackerel, Spanish 15 14 none

During the calm summer months when weather permits, Lodge guides may venture out the Port Aransas jetties in search of a variety of fish that 
live in the near shore waters if the gulf but rarely venture into the bays. These fish include tarpon, king and Spanish mackerel, snook, jack 
crevalle, tripletail, dolphin fish, bonita, whiting, and a variety of sharks including bulls, black tips, and Atlantic sharpnose to name a few. Fishing 
for these gulf species is done by trolling, casting, or drifting with live bait or lures and heavier tackle than is used in the bay. We rarely venture 
more than a mile offshore, but this type of fishing is very weather sensitive and requires several calm days to flatten the gulf waters. These 
conditions occur most often in late June to early September, so time your booking accordingly if this sounds appealing. These surf trips are often 
done in combination with redfish and trout fishing in the gulf surf.
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On Schedule With the Fish 
One of the most frequently questions at Redfish Lodge is “When is the best time to catch ... ?” or “What is the best bait for ...?” or “If we book in 
October, what can we expect to catch?” To help give you an idea, we have put together a handy reference chart to cut out and put on the fridge 
so you will always know when to visit and what you can catch. 

Of course these are only guidelines to increase your odds of catching your target species. These fish can be anywhere at any time, so the best 
thing to do is have your bait in the water as often as possible. When booking your trip, use these guidelines to pick a time frame and let the 
gang down at Redfish Lodge know if there is something specific you would like to catch and they can gear up to provide you with the best shot at 
that fish.

Redfish 
When Fishing Is Best: March through May, September through December
Preferred baits: Live shrimp, mullet, piggy perch, menhaden, crabs, mud minnows; Lures designed to imitate above baits such as topwaters, soft 
plastic shrimp, gold spoons, swimming shad, sand eels 
Trophy Red: Possible anytime, best chance in October and November; Crab, piggy perch, big mullet, or lure

Speckled Trout 
When Fishing Is Best: February through December 
Preferred Baits: Croakers, piggy perch, shrimp, mullet; Lures such as topwaters, sand eels, Corkies, or swimming shad 
Trophy Trout: February through early May; Corky, topwater, croaker, piggy perch

Surf and Jetty Fishing 
When Fishing is Best: July through early September 
Preferred Baits: Croakers and piggy perch for trout and reds; Ribbonfish and crankbaits for kingfish; Piggy perch and mullet for ling; shrimp or 
shrimp imitations for tripletail; Mullet or menhaden for tarpon 

http://www.redfishlodge.com/news/newsletter07/on_schedule_fish.html (2 of 3)11/26/2007 3:30:13 AM

http://www.redfishlodge.com/news/newsletter07/why_not_wade.html
http://www.redfishlodge.com/news/newsletter07/chris_new_items.html
http://www.redfishlodge.com/news/newsletter07/index.html
http://www.redfishlodge.com/news/newsletter_archive.html
http://www.redfishlodge.com/news/gallery/index.php
http://www.redfishlodge.com/index.html
http://www.redfishlodge.com/news/newsletter07/index.html


On Schedule With the Fish | Newsletter Spring Summer 2007 | Redfish Lodge on Copano Bay

Trophy Surf or Jetty Fish: Any time there is an opportunity to get out there

Black Drum 
When Fishing Is Best: February through early May, September through November 
Preferred Baits: Crabs, shrimp, sea lice; Limited choice of lures, mostly by accident 
Trophy Drum: February through early April; Crab or sea lice

Flounder 
When Fishing is Best: March through May, October through November
Preferred Baits: Shrimp, mud minnows, mullet; Soft plastic lures, jigs 
Trophy Flounder: October and November; Mud minnows, jigs

Kingfish 
When Fishing is Best: May through September 
Preferred Baits: Ribbonfish, mullet, hard tails; Diving crankbaits, Russell lures, squid jigs 
Trophy King: May through September, Live mullet, crankbaits

Fly Fishing 
When Fishing is Best: July through September 
Preferred Baits: Shrimp imitations such as ghost shrimp, snapping shrimp, grass shrimp, or small poppers; Finfish patterns such as sea-ducers, 
needle nose, mud minnow, clouser, or spoon fly; Crab patterns such as crazy Charlie or merkin crab 
Trophy Fly-Caught Fish: March or April for trout, August or September for Reds and Drum
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News

2007 Fishing Update 

April 2007
Trout, and good size ones, have been plentiful on the reefs and shorelines of our area, as long as you keep a winter mindset ...

January 2007
2006 was a year that will be remembered fondly by Redfish Lodge guests and staff alike. The staff will remember the largest crowd ...

Latest Newsletter - Spring-Summer 2007 

Why Not Wade? 
Wadefishing is a very popular method of fishing throughout the middle and lower coasts of Texas. It is done in areas where concentrations of 
fish ...

Oversized Fish 
Why was a 47-inch redfish weighing in at 35 pounds caught in Copano Bay in May of 2006?

Chris' New Menu Items 
For 2007 season...

On Schedule with The Fish 
One of the most frequently questions at Redfish Lodge is “When is the best time to catch ... ?” or “What is the best bait for ...?” or “If we book in 
October, what can we expect to catch?” ...

See older issues in Newsletter Archive. 

Picture Gallery 

Selection of pictures of and from our guests.

Fishing Updates

Keeping you up to date. 
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The Lodge

Redfish Lodge is located on the tip of Rattlesnake Point approximately 10 minutes west of Rockport, 
Texas. Rattlesnake Point is a mile long narrow strip of land that separates Copano Bay to the north from Port Bay to the south. This means the 
fishing is always just steps away!

Redfish Lodge is first a fishing lodge. Redfish Lodge sleeps 18 people in 2 guest houses, both with wrap around porches and water views. The 9 
rooms have private baths, central air, 2 double beds and satellite television. Guests can also enjoy the views from the in ground pool.

The main lodge features a well appointed dining room, comfortable living room with a see through 
fireplace and bar facilities. Outside you’ll find a hot tub on our expansive deck and a beach with 4 sets of stadium lights for night fishing. Across 
the lawn to the south, there is a 500' lighted pier with under water “green lights”, also for night fishing.

All the facilities, the buildings, landscaping, recreation facilities and marina are complimentary to the 
fishing. In order to provide the best in bait, boat, and tackle, there is a boat barn, tackle repair shop, maintenance shop, commercial ice maker, 
freezer room and a boat fueling station.

Our enthusiastic staff are always on hand to ensure you enjoy a first-class experience, both on and off the water. 

Have a group larger than 18 people? Book the Ruddy Lodge also and we can handle a group of up to 26. 
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The Fishery 
The Lodge is located in the heart of the Coastal Bend fishery, right next to the Copano and Port Bay flats. To the south, just 15 to 30 minutes 
away, are the famed flats of Aransas, Redfish, St. Charles Bay and Estes. To the north, boating out of Goose Island State Park, are the very 
productive fishing areas of Mesquite Bay and the barrier islands.

The fishery in and around Rockport abound with shrimp, crab and bait fish; 
consequently, these waters attract huge numbers of sport fish. Currently numbers are at their all time highest (Our Fish). 
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Fishing Updates 

August 2007

With tropical storm Erin having just soaked the coastal bend yesterday and hurricane Dean threatening to do the same, the hot topic of the 2007 
fishing season is definitely rain.  With record breaking rains throughout Texas, the fresh water falling from the sky and flowing down the rivers 
has turned our fishing waters into drinking water.  At first glance this may seem like a bad thing, but anyone who has been to Redfish Lodge in 
the last three months can attest to the contrary.  

The deluge of fresh water has pushed huge numbers of trout and redfish out of the back bays and into the higher saline areas of South Rockport 
and Port Aransas.  These increased populations, combined with the rain-cooled water temperatures have made for lots of hungry and active fish.  
July and August, not known to be great redfish months, have been the best anyone can remember.  The limited opportunities we have been 
afforded to get out into the gulf surf have not hurt us, as the trout fishing in the bay has been so consistent.

The fish that remained in the back bays have been left undisturbed by anglers and have had a steady diet of shrimp and crayfish for the last 
three months.  As the green waters of the gulf creep their way back into these areas over the next few months, we should see an extraordinary 
fall redfish bonanza throughout our bay system.

If there is a down side to all of the rain, it has made travel difficult at times for our guests, and has really slowed the night fishing off the beach 
and piers at the lodge.  With three rivers feeding it, Copano is one of the hardest hit bays when the rains come.  We had a similar situation in 
2003 when there was not measurable salinity in Copano due to rain, and when the tides flushed and cleaned it, one of the best fishing years in 
Redfish Lodges history ensued.  We are hoping for a similar outcome from this flood.

To summarize, if it stops raining the back bays are going to explode with redfish activity.  If the rains continue to fall, more fish will be pushed 
into the areas where fishing is currently so good.  Any way you look at it, it is going to be a great fall in Rockport.

April 2007 

The warm waters of spring were slow to arrive in 2007, changing the normal patterns significantly in the coastal bend.  Cold temperatures 
throughout February and a frost in early March delayed the spawning run of black drum, with only a few fish being caught in what should be the 
peak of the season.  The low tides that accompanied these cold spells have kept the redfish off of the shorelines, making them tough to keep 
track of early March. 

Trout, and good size ones, have been plentiful on the reefs and shorelines of our area, as long as you keep a winter mindset.  Soft, dark colored 
bottoms and slow bait presentations have been the key to some great trout action.  The shrimp migration thus far has been nonexistent, making 
live bait acquisition difficult and lures a necessity.

However, there is good news.  The low pressure system and high winds of late March have brought the spring bull tide in, and with it came the 
reds.  They have flooded the flats of Estes and Redfish Bay, and are making their way north to the reefs of Mesquite and San Antonio bays.  This 
tide will also bring the shrimp and juvenile finfish, so both the reds and trout will begin their spring feed on this big tide.

With water temperatures that hit 70 for the first time since early December, the topwater bite for big trout should go into high gear over the next 
few weeks.  This late winter will delay croaker fishing for several weeks, so if you have a trip booked for April or the first half of May, plan to 
throw shrimp or try out your wading legs and get in on the lure action that has remained excellent throughout the spring.

January 2007 

2006 was a year that will be remembered fondly by Redfish Lodge guests and staff alike. The staff will remember the largest crowd and the 
busiest season in our fifteen year history, with old familiar faces and fresh new ones as well. The guests will hopefully remember the best fishing 
year the lodge has ever had, with more fish of more species caught than any prior season. The Redfish Lodge and Aransas bay system redfish 
record was set in May with a 35-pounder, and we saw a handful of others in excess of 25 pounds. The lodge record black drum was broken in 
March with a 70.2-pound monster, and 102 catches qualified for the Wall of Fame. Overall the weather was good, with adequate rainfall and no 
close call from hurricanes. September saw a red tide give us a little scare, but it stayed well south of our fishery and went away without affecting 
us. 

2007 gives every indication of following suit with the success of ’06. The bookings are again coming in at record pace, which means we are in for 
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another busy year. The fishing seems to be going nowhere but up. This can be attributed partly to the excellent health of our fishery, and partly 
to the ever-increasing knowledge of our guide staff that have put yet another year under their belts and in the log books. One benefit of fishing 
at Redfish Lodge is that you always have seven boats looking for fish for you to catch! Adequate winter rain points to a great spring trout season, 
and redfishing has showed consistent improvement over the last several years, so we expect that trend to continue as well. 

Guests in the 2007 season will notice some renovations to the Lodge upon arrival. The kitchen has been completely remodeled and updated, but 
it will continue to put out the same great food it has in the past. A beautiful wood floor has been installed in the main lodge and a fresh coat of 
interior paint will make the facility sparkle even more. We have a couple of new boats in the guide fleet, and have added some staff to provide 
better service to our growing number of guests. 2006 will be a tough act to follow, but here at Redfish Lodge we are pulling out all the stops to 
do just that. 
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Fly Fishing the Texas Coast
Copano Bay
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Texas Coast
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The northeast end of Copano 
Bay around the Turtle Pen Lake 
area has an extensive flat that 
draws good numbers of trout. 
The best months to fly fish this 
area are early summer. The 
fishing picks up again in the fall. 
The northeast shoreline of 
Copano Bay has hard sand 
bottoms and is a prime 
wadefishing area. 

From Redfish Point to Copano Village 

The shoreline from Redfish Point south toward the 
community of Copano Village offers excellent 
wadefishing for redfish and trout over hard sand bottoms 
with scattered shell and grass beds in troughs. Waders 
also should inspect the series of small estuaries that 
open to the bay through small cuts. Just off this shoreline 
are shoals that also hold fish. Anchor up near these and 
wade or drift across them, casting near the edges. Piers 
along the shoreline around beach homes also hold fish, 
but wading around them can be difficult because of 
dredged channels and soft spots. Access Redfish Point 
shorelines by johnboat or kayak from Copano Bay Bridge 
Pier. 

The Copano Bay shoreline around Rattlesnake Point also 
offers excellent wadefishing for trout and redfish over 
hard sand bottoms. A series of small lakes and tidal 
marshes to the south of Rattlesnake Point including 
Pete's Bend, James's Bend, and Italian Bend draw good 
numbers of redfish, black drum, and flounder. This area 
is rich in shrimp and forage fish, with abundant marshy 
flats that attract gamefish. Many of these marshes are 
fronted by private property and in some cases can be 
accessed only by boat. Some of these areas are open to 
wadefishing, but flyfishers should avoid crossing any 
fence lines into private property. 
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Fly Fishing the Surf

Offshore Fly Fishing

Port Bay, a small estuary on the southern end of Copano 
Bay, offers access to a number of productive shorelines 
and estuaries including Italian Bend, Pete's Bend, and 
James's Bend. Access this area by johnboat, shallow-
draft skiff, or kayak from the launch ramp near the bridge 
that crosses Port Bay on Texas (Farm Road) 881. 

Located just north of James's Bend in the back end of 
Swan Lake are a number of productive marshes that hold 
redfish. Swan Lake is accessible by johnboat and kayak 
from launch ramps at Port Bay off Texas (Farm Road) 
881 and at Bayside off Texas (Farm Road) 136. 

The nearby shorelines and estuaries around the mouth of 
the Aransas River hold good numbers of redfish on high 
tides. Also, fish outer shorelines when the tide is falling 
out. Freshwater inflows into Copano Bay make this a 
prime shrimp estuary, which in turn draws the redfish to 
this area. 

The Aransas River mouth at Bayside is accessed by 
johnboat or .sea kayak from Glen's Marina near Egery 
Island and Egery Flats (Bayside Mud Flats). 

Mission Bay 

Mission Bay is treacherous for boating because of prolific 
shell bars, but it can be an excellent choice for fly fishing 
from kayaks because it holds redfish and does not get 
much fishing pressure. Kayakers can access the bay 
from the Mission River launch ramp, off Texas (Farm 
Road) 136. 

Move on to San Jose Island 

Return to Top 

Gear Guides
[from Outside magazine]

●     Tents 

●     Sleeping Bags 

●     Hiking Boots 

●     Backpacks 

●     Camp Stoves 

●     Road Bikes 

●     Mountain Bikes 

●     Kayaks 

●     Jackets 

●     GPS Devices 

●     more gear 

 

Great Vacation Deals
More Travel Deals 

●     Last-Minute Las Vegas Deals from $240 

●     Fly R/T to Europe from $450 

●     Save $150 on a Hawaiian Package Deal 

●     All-Inclusive Trips from $577 
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GORP - Fly Fishing the Texas Coast - Copano Bay

Top Ten Old Growth 
Forests
Outdoors Ireland
Best Road Trip Gear
Essential Mexico
2007 Summer 
Buyer's Guide 
from Outside Online

Fly Fishing the Texas Coast
is available from

the Adventurous Traveler 
Bookstore.

Click here to order!

Click here to visit
Pruett

© Article copyright Pruett Publishing. 

RELATED GORP LINKS
GORP Fishing
Texas Resources
GORPtravel Fishing 

 

Sign up for our Travel Deals Newsletter 

●     FREE Alaska Vacation Planner 

More Travel Resources

Whether you are planning a family vacation, romantic 
getaway or travel adventure, visit our travel partners to save 
on your next trip. 

GORP: Adventure Travel, Activity Guides, National Parks 

GORPtravel: Weekend Getaways, Dude Ranches, Adventure 
Vacation Packages, Active Resorts, Vacation Deals 

Outside Magazine: Gear Reviews, Adventure Travel, Video, 
Podcast 

Orbitz: cheap flights, cheap hotels, cheap car rental, vacation 
packages, cruise specials, trip activities, travel deals 

CheapTickets: last minute trips, cheap airline tickets, 
discount hotels, travel packages, vacation deals, cheap rental 
cars, discount cruises, event tickets 

eBookers travel: cheap flights, cheap hotels, car hire, 
packages, holidays, London hotels 

Buy Gear from REI

●     Hiking Gear 

●     Cycling Gear 

●     Paddling Gear 

●     Snow Sports Gear 

●     Alpine Ski Gear 

●     Cross Country Skiing Gear 

●     Snowboarding Gear 

●     Snowshoeing Gear 

●     Luggage & Travel Gear 

●     Women's Specific Gear 

●     Shop Men's Outerwear 

●     Shop Women's Outerwear 

●     Shop Kid's Outerwear 

●     All Gear on Sale 
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GORP - Fly Fishing the Texas Coast - Copano Bay

●     REI.com 

Sponsored results

●     Dallas Vacation Accommodations 
Experience the Luxurious Gaylord Texan - Great, Convenient Location.
www.gaylordhotels.com

●     MD Resort Bed & Breakfast - Texas 
With open fields and stately trees, this 37-acre working ranch provides a perfect setting for a romantic weekend getaway, retreat, event. North Fort Worth area, West of Texas Motor Speedway.
www.mdresort.com

●     Hyatt Hotels - Official Site 
Book Hyatt now for our best rates on the Internet guaranteed.
www.hyatt.com

Vacation Ideas from The Away Network

Winter Wonderlands

●     New York 

●     Vermont 

●     West Virginia 

●     Wisconsin 

●     Wyoming 

Family Vacations

●     Berlin 

●     Copenhagen 

●     Denver 

●     Nashville 

●     Vancouver 

Ski Vacations

●     British Columbia 

●     California 

●     Colorado 

●     France 

●     Utah 

Escape the Cold

●     Aruba 
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REFERENCE 40 
 



Record of Communication Form 
 

 1

 
DATE: November 21, 2007  
 
PROJECT/SITE NAME:  Leo Miller Road     
CERCLIS No.:  TXN000606818 
TDD #: T0-0009-07-08-01 
 
CALL TO: Dr. Mark Fisher, Texas Parks and Wildlife 
CALLED BY: Raul Rodriguez, Dynamac START-3 
SUBJECT: Fishing Data for Copano Bay 
DATE CALLED: November 19, 2007 
 
CONVERSATION: 
 
START-3 CONTACTED MR. MARK FISHER ABOUT ABOUTING DATA 
RELATED TO THE AMOUNT OF FISH CAUGHT FROM COPANO AND PORT 
BAY’S.  DR. FISHER HAS PROVIDED START WITH COMMERCIAL FISH 
HARVESTING DATA FROM THE ARANSAS BAY WATER SYSTEM.  
COPANO BAY IS CONSIDERD PART OF THE ARANSAS BAY SYSTEM.  THE 
COMMERCIAL FISH HARVEST DATA IS FOR THE YEARS OF 1981 TO 2005.  
DR. FISHER WAS NOT ABLE TO PROVIDE RECREATIONAL FISH 
HARVESTING DATA FOR BOTH COPANO AND PORT BAY’S. 
 
IN ORDER TO DETERMINE THE POUNDAGE OF THE IDENTIFIED FISH 
SPECIES IDENTIFIED IN THE PROVIDED TABLE, IT WILL BE ASSUMED 
THAT APPROXIMATELY 5% OF THE TOTAL ANNUAL POUNDAGE 
CAUGHT FROM THE ARANSAS BAY WATER SYSTEM CAN BE 
ATTRIBUTED TO COPANO BAY.  THUS THE TOTAL POUNDAGE 
CAUGHTBETWEEN 1981 AND 2006 WILL BE MULTIPLIED BY 5%.  SEE 
ATTACHED TABLE.  DR. FISHER HAS NOT PROVIDED START WITH THE 
NAME OF THE TABLE OR THE DOCUMENT IN THE TABLE CAN BE 
FOUND. 



 
Table B.11.   Weight (lb) of each species landed commercially from the Aransas Bay system, 1981-2005. 
___________________________________________________________________________________________________________________________________ 
 
                      Finfish                                                  Shellfish 
      _______________________________________________  _________________________________________________________________ 
                                                                   Shrimp 
                                                       _______________________________ 
       Black           Sheeps-                          Brown                            Blue    Eastern                    Grand 
Year   drum  Flounder   head   Mullet  Other   Total   and Pink White    Other  Total    Crab    Oyster   Other   Total     Total 
___________________________________________________________________________________________________________________________________ 
 
1981   20618  46985    26932     3197   81037  178769  1242233   470353     0  1712586   1777297   62369      0   3552252   3731021 
 
1982   36491 119852    59483     8851     800  225477  1052654   473168     0  1525822   2150379   51509    125   3727835   3953312 
 
1983   51850  67796    27397    13606    4561  165210  2065451   512628     0  2578079   2508983  117119    105   5204286   5369496 
 
1984   16790  75233     5510        0     102   97635  1733414  1135014     0  2868428   2129660  359952    600   5358640   5456275 
 
1985   15656  44605    11265        0    6300   77826  1582683   527938   191  2110812   2231473  216817   1719   4560821   4638647 
 
1986   47641  90467    15980       33    3640  157761  1469154  1033163     0  2502317    936042   97126   2040   3537525   3695286 
 
1987   46396  70065    29887    49681    2758  198787  2054746   738550     0  2793296   1683562  433189   9300   4919347   5118134 
 
1988   37447  27885     3917     1178    9153   79580  1732669   677326     0  2409995   2571851  276385  44121   5302352   5381932 
 
1989    2614  15340      203     3600      64   21821  1220609   141757     0  1362366    405498  132023  29047   1928934   1950755 
 
1990   26170   9738     1866     6561     811   45146  2211802  1245163     0  3456965    766104   11237  29655   4263961   4309107 
 
1991   23989  33976      517        0     345   58827  3058107  1454172     0  4512279    868176       0  11153   5391608   5450435 
 
1992   25638  40063     3954     1281    2169   73105   979483  1771067     0  2750550    997576       0   3870   3751996   3825101 
 
1993   64894  41338     8768      279     119  115398  1425527   955791     0  2381318   1487417   34598   6560   3909893   4025291 
 
1994  119471  43015    11499      167    4922  179074  2118334   259189     0  2377523    387132   29594  13071   2807320   2986394 
 
1995  243030  74557    16683      354    9628  344252  1867949   119832     0  1987781    492426   95814  17794   2593815   2938067 
 
1996  148427  50313    17991      397   10933  228061  1401474   179602     0  1581076    298143   30101  17478   1926798   2154859 
 
1997  193666  63158    26597     3385   19895  306701  1927498     2214     0  1929712    340575  436819   8641   2715747   3022448 
 
1998  184134  59806    32187     1405   30808  308340  1170482   158292     0  1328774    238411  135959   7602   1710746   2019086 
 
1999  152503 120813    34880      879   25442  334517   584378    31738     0   616116    181797   80781   5270    883964   1218481 
___________________________________________________________________________________________________________________________________ 
 



Table B.11.   (Continued). 
___________________________________________________________________________________________________________________________________ 
 
                      Finfish                                                  Shellfish 
      _______________________________________________  _________________________________________________________________ 
                                                                   Shrimp 
                                                       _______________________________ 
       Black           Sheeps-                          Brown                            Blue    Eastern                    Grand 
Year   drum  Flounder   head   Mullet  Other   Total   and Pink White    Other  Total    Crab    Oyster   Other   Total     Total 
___________________________________________________________________________________________________________________________________ 
 
2000   75382  62659    27003     1684   37316  204044   554984   117593     0   672577    122968   25935   5890    827370   1031414 
 
2001   96162  50393    17324     1626   19835  185340   785350   114194     0   899544    679350   42895   6465   1628254   1813594 
 
2002  165750  68210    19645     1111   24408  279124   268044    23161     0   291205   1182949  110672  20394   1605220   1884344 
 
2003  219986  79453    29258     1389   15982  346068   326554    41286   419   368259   1340257  412232  16042   2136790   2482858 
 
2004  150839  84535    29392     1647   21384  287797   186549    19189     0   205738   1019400  201938   9124   1436200   1723997 
 
2005  134655  58506    22848     1968   16476  234453    36635     5486     0    42121    650117  817292   8671   1518201   1752654 
___________________________________________________________________________________________________________________________________ 
 



 
Table B.12.   Ex-vessel value ($) of each species landed commercially from the Aransas Bay system, 1981-2005. 
___________________________________________________________________________________________________________________________________ 
 
                      Finfish                                                  Shellfish 
      _______________________________________________  _________________________________________________________________ 
                                                                   Shrimp 
                                                       _______________________________ 
       Black           Sheeps-                          Brown                            Blue    Eastern                    Grand 
Year   drum  Flounder   head   Mullet  Other  Total    and Pink White    Other  Total    Crab    Oyster   Other   Total     Total 
___________________________________________________________________________________________________________________________________ 
 
1981   13021  56546    6177      458   93717  169920  1091416   868724     0   1960140   554601    91655       0  2606396    2776316 
 
1982   23801 111570   16554      877     191  152993  1262263  1260675     0   2522938   615755    72485      65  3211243    3364236 
 
1983   30275  64576    3875     1498    2982  103205  4000380  1365685     0   5366065   937183   183905      61  6487214    6590420 
 
1984   10165  57928    1235        0      28   69355  2143576  2404494     0   4548070   608700   540826    4200  5701795    5771150 
 
1985   12593  45194    2170        0     703   60660  1418264  1238211   181   2656656   743745   342305    6262  3748968    3809628 
 
1986   33192  85684    3618        3     830  123326  2207631  2866037     0   5073668   341568   158265    3489  5576990    5700316 
 
1987   34690  68358    7314     4482     612  115456  3714349  1760712     0   5475061   604311   944903   17648  7041923    7157379 
 
1988   27511  40972    1249      193   15012   84937  2334519  1539931     0   3874450   964075   676681   89205  5604411    5689348 
 
1989    2421  25076      57     2160      27   29741  1589759   340628     0   1930387   209778   321645   88074  2549884    2579625 
 
1990   22835  18205     683     1371     234   43328  3140285  3594846     0   6735131   277743    42085   78026  7132985    7176313 
 
1991   16784  43940     181        0      99   61003  5291324  3876805     0   9168129   268378        0   26830  9463337    9524340 
 
1992   16728  63134    2030     3091    2069   87052  1781331  4244843     0   6026174   397999        0    9610  6433782    6520834 
 
1993   41950  74119    4307     1061    1060  122496  1885084  2053271     0   3938355   686374    53240    8128  4686097    4808594 
 
1994  107927  79049    5630      644   18199  211449  4276659  1005340     0   5281999   239248    36493   12852  5570592    5782041 
 
1995  221569 147261    8890     1543   34931  414195  3003732   367984     0   3371716   354764   148074   45950  3920504    4334699 
 
1996  129817 106584    9622     2061   35393  283477  1987923   637187     0   2625110   191551    50172   36096  2902928    3186406 
 
1997  180255 115439   14638    28278   91309  429919  4045266     9867     0   4055133   212962   903435   18487  5190017    5619936 
 
1998  202784 115550   15739     6644  135635  476351  1580763   497729     0   2078492   153854   375696   19444  2627486    3103837 
 
1999  126090 253436   15741     5377  142939  543582   850291   117839     0    968130   112190   207720    7140  1295180    1838762 
___________________________________________________________________________________________________________________________________ 
 



 
Table B.12.   (Continued). 
___________________________________________________________________________________________________________________________________ 
 
                      Finfish                                                  Shellfish 
      _______________________________________________  _________________________________________________________________ 
                                                                   Shrimp 
                                                       _______________________________ 
       Black           Sheeps-                          Brown                            Blue    Eastern                    Grand 
Year   drum  Flounder   head   Mullet  Other  Total    and Pink White    Other  Total    Crab    Oyster   Other   Total     Total 
___________________________________________________________________________________________________________________________________ 
 
2000   58256 127668   10358     6289  200457  403028  1117555   488755     0   1606310    89216    66690    6485  1768701    2171728 
 
2001   55949 105125    6274     9680  138808  315835  1425388   449429     0   1874817   477172    96999   13220  2462208    2778043 
 
2002  129390 149752    7674     6622  166901  460339   264565    65660     0    330225   745486   274088   90400  1440198    1900537 
 
2003  184295 174225   11924     8819  101090  480351   482128   115451   874    598453   847163  1049844   27630  2523091    3003442 
 
2004  121708 174105   14682    10696  137116  458307   233525    39856     0    273381   698880   547674   40847  1560781    2019088 
 
2005  119565 132382    9331    11016  105855  378148    57305    15366     0     72671   467524  2351022   40463  2931680    3309829 
___________________________________________________________________________________________________________________________________ 
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CLASSIFICATION OF SHELLFISH HARVESTING AREAS 
 

OF 
 

COPANO, ARANSAS, MESQUITE AND REDFISH BAYS 
 

TEXAS DEPARTMENT OF STATE HEALTH SERVICES 
SEAFOOD AND AQUATIC LIFE GROUP  

 
DATE:    NOVEMBER 1, 2007        ORDER NUMBER:    MR-1205=

=
The status of shellfish growing waters in Texas estuaries is subject to change by the Texas Department of State Health Services at any time.  These 
changes may be due to high rainfall and runoff, flooding, hurricanes and other extreme weather conditions, major spills, red tides, or the failure or 
inefficient operation of wastewater treatment facilities.  Current status of shellfish harvesting areas may be obtained from your local Texas Parks and 
Wildlife Department office or by calling, toll free, 1-800-685-0361. 
 
 
PROHIBITED AREAS:   All areas not specifically designated as Restricted or Approved are classified as Prohibited and are closed for the harvesting of molluscan 
shellfish. 
 
 
RESTRICTED AREAS:  (closed to the taking of shellfish) 
 
All of Mission Bay from the mouth inland. 
 
That area of Copano Bay and the Aransas River west of a line from a point near the last shoreline house east of Bayside to a point due south where the Cities Service 
Gas Plant Channel becomes land bound. 
 
That area of Copano Bay inshore of a line 200 yards offshore beginning at the southwestern end of the Highway 35 Causeway at the end of Live Oak Peninsula and 
extending west to Red Fish Point and then south and west to Grass Island then southwest to unnamed point. 
 
That area of Copano Bay north of a line beginning 300 yards south of the northern approach to the Highway 35 Causeway, then in a Northwesterly direction to 
Newcomb Point 
 
That inshore area of Copano Bay from the windmill and extending southeasterly to the abandoned house (Lat. 28E 10' 44" N; Long. 97E 01' 02" W), then from the 
abandoned house out 200 yards offshore and extending southerly to the mouth of the tributary entering Copano Bay at Newcomb Bend. 
 
That inshore area of Aransas Bay adjacent to Fulton Beach west of a line from the highest part of the Highway 35 Causeway, to Shellfish Marker C, to the production 
platform off Fulton Beach, to Fulton Channel Marker #1 off Fulton Harbor, to Marker #2 off Nine Mile Point, to Intracoastal Waterway Channel Marker #7. 
 
That area of Aransas Bay north of a line beginning 300 yards south of the northern approach to the Highway 35 Causeway, extending easterly to a set of double wells 
off the west point of Goose Island, to the end of the pier at Goose Island, then northerly to an unnamed point of land located about 1,650 yards north of Hail Point. 
 
All of the Intracoastal Waterway and inland waters where they become land bound between Aransas Bay and San Antonio Bay. 
 
All of Redfish Bay as indicated on the map on the reverse side. 
 
All residential subdivision channels and harbor areas up to a radius of 300 yards offshore from the shoreline where the channels become land bound. 
 
All areas within a 50 yard radius of recreational cabins and houseboats located on the bay. 
 
 
APPROVED AREAS: For current status, contact your local Texas Parks and Wildlife Department office, or call, toll-free, 1-800-685-0361. 
 
The approved area of Copano Bay is defined as that area north and east of the Highway 35 Causeway excluding the restricted areas described above. 
 
The approved area of St. Charles Bay is that area northeast of a line from the end of the Goose Island State Park pier east to Blackjack Point.  
 
The approved area of Aransas Bay is that area south of the Highway 35 Causeway and west of a line from the end of Goose Island State Park pier east to Blackjack 
Point, and south and west of a line separating Carlos Bay and Mesquite Bay by a line from Cedar Point (located on Bludworth Island) to the channel marker with the 
white sign located in Cedar Dugout approximately 100 yards northeast of Cedar Point, to the point of land on Ballou Island that is located approximately 300 yards 
northwest of Rattlesnake Reef. 
 
The approved area of Mesquite Bay is that area east of a line from Cedar Point (located on Bludworth Island) to the channel marker with the white sign located in 
Cedar Dugout approximately 100 yards northeast of Cedar Point, to the point of land on Ballou Island that is located approximately 300 yards northwest of 
Rattlesnake Reef, and west of a line separating Mesquite Bay and the approved area of San Antonio Bay from the northeastern tip of Roddy Island to the United 
States Fish and Wildlife Service (USFWS) marker located approximately 150 yards southeast of the northeastern tip of Roddy Island to the southwestern most cabin 
at Ayres Dugout following the southwestern shoreline of the spoil islands located southeast of Ayres Dugout, thence in an east-southeasterly (110 degrees) direction 
to the Matagorda Island Shoreline (Lat. 28E 09' 53" N  Long.96E49'09" W)  
 
 
Excluded from these areas are the restricted areas around cabins, houseboats, subdivision channels and harbor areas described above. 
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Have you had contact with 
the TCEQ lately? Complete 
our Customer Satisfaction 
Survey.

 Projects of the TMDL Program Questions or 
Comments: 
tmdl@tceq.state.tx.us

Copano Bay: A TMDL Project for Bacteria in Oyster-
Harvesting Waters
Watershed Counties: Aransas, Refugio, and San Patricio
Parameter: Bacteria in Oyster Waters
River Basin: Bays and Estuaries, San Antonio-Nueces Coastal Basin
Segment: 2472, 2001, 2003d

■     Project Overview (PDF. Help with PDF.) 
■     Background and Goals 
■     Public Paticipation 
■     Project Documents 
■     For More Information 

Background and Goals

Data assessed in 2002 showed that Copano Bay was not suitable for harvesting 
oysters because of elevated bacteria concentrations. The use of waters for oyster 
harvesting, called the "oyster waters use" in the state's surface water quality 
standards, is the most commonly impaired use among Texas bay and gulf waters.

In addition, the TCEQ determined in 2004 that the tidal segments of the Mission and 
Aransas Rivers may not be safe for swimming and other forms of contact recreation 
because of elevated concentrations of enterococci bacteria.

Bacteria from human and animal waste may indicate the presence of disease-causing 
microorganisms that pose a threat to public health. Bacteria from the water can 
contaminate oysters and other shellfish, making them unsafe to eat, especially since 
some shellfish are often eaten raw. It can also pose a threat to people who swim or 
engage in other forms of contact recreation in affected water bodies.

The goal of this project is to reduce bacteria concentrations to levels that make it safe 
to harvest and eat shellfish from the bay and engage in contact recreation in the tidal 
segments of the Mission and Aransas Rivers.

 Return to top

Public Participation

Project staff are informing the public about this project through a series of public 
meetings. The meetings are open to everyone.
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Scheduled Meetings

Monday, December 3, 2007
Refugio City Hall
613 Commerce St.
Refugio, Texas

Doors will open at 6:15 to allow time for an informal meet-and-greet session. Meeting 
presentations start at 7:00 p.m.

 Return to top

Meeting Summaries and Presentations

Meeting summaries and presentations are in PDF. (Help with PDF.)

●     June 2006 
❍     Meeting Summary (Revised 9/11/06) 
❍     Presentation: Introduction to Microorganisms 
❍     Presentation: Nueces River Authority Proposed Copano Bay TMDL 

Monitoring 
❍     Presentation: Copano Bay Watershed Historical Data Review 
❍     Presentation: Copano Bay Watershed Historical Data Review Part 2 
❍     Presentation: Overview of the Implementation Plan Process for Copano 

Bay TMDL 

●     April 2006 
❍     Meeting Summary 
❍     Presentation: Bacteria Loadings Watershed Model in Copano/Port/

Mission Bay 
❍     Presentation: Bacteria Source Tracking in Copano Bay Watershed 

●     February 2006 
❍     Meeting Summary 
❍     Presentation: Bacteria Loadings Watershed Model in Copano/Port/

Mission Bay (Note: This presentation was updated on 5/19/2006.) 

●     November 2005 
❍     Meeting Summary 
❍     Presentation: Developing and Implementing Total Maximum Daily Loads 
❍     Presentation: Bacteria Source Tracking in Copano Bay 
❍     Presentation: Bacteria Loadings Watershed Model in Copano/Port/

Mission Bay (Note: This presentation was updated on 5/19/2006.) 

 Return to top

Project Documents

Project documents are in PDF. (Help with PDF.) 

●     Bacteria Source Tracking in Copano Bay: Phase II Final Report 

 Return to top
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For More Information

For additional information regarding this project, please contact Ward Ling at 
512/239-6238. Or e-mail us at tmdl@tceq.state.tx.us, and reference the Copano Bay 
project in the title.

 Return to top
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Texas Water Resources Institute • 1500 Research Parkway,Suite A 240
2118 TAMU • College Station,TX  77843-2118

Tel: (979) 845-1851 • Fax: (979) 845-8554 • http://twri.tamu.edu

Copano Bay Water Quality Education

According to the Texas Commission on Environmental Quality (TCEQ), Copano Bay on 
the Texas Gulf Coast is not suitable for harvesting oysters because of elevated bacteria 
concentrations from various sources. In addition, recreation in the tidal segments of 
the Mission and Aransas Rivers is impaired by the bacteria, Enterococcus. TCEQ has 
implemented Total Maximum Daily Loads (TMDLs) to determine the sources of these 
bacteria and the measures necessary to reduce the bacteria levels in the rivers and bay. 

The Copano Bay Water Quality Education project conducts educational programs and 
demonstrations for land and livestock owners, coordinating with such programs as 
Urban Rancher program for small landowners and Lone Star Healthy Streams program for 
cattlemen. The programs and demonstrations will increase awareness of water quality 
issues and best management practices (BMPs) that owners can implement to decrease or 
prevent bacteria from entering waterways.

This project is coordinated with TCEQ’s ongoing TMDL, the Implementation Plan 
development and additional monitoring activities to provide the necessary support to 
these activities. 
 

Objectives
 • Improve water quality in Copano Bay and its tributaries by increasing water   
   quality issues awareness
 • Provide education and demonstrations on best management practices (BMPs) to  
   decrease or prevent bacteria from entering waterways
 • Increase knowledge of BMPs for reducing bacteria runoff which is expected to 
   result in greater implementation of BMPs throughout the watershed

Collaborators
 • Texas Water Resources Institute 
 • Texas Cooperative Extension
 • Texas State Soil and Water Conservation Board
 • Welder Wildlife Refuge

Funding Agencies
 • Texas State Soil and Water Conservation Board
 • U.S. Environmental Protection Agency

2/07
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Copano Bay Fishing Pier  --  Boa

 Copano Bay Fishing Pier - Boat Launching Facility and Waterfront Access Area

  

Copano Causeway North - 361-425-8325

Copano Causeway South - 361-425-8326

As of November 1, 2005 this "waterfront access" facility is operated under the jurisdiction of  the Aransas County 
Navigation District No.1. 
Read the 11/01/05 News Release: "Copano Bay Fishing Pier Transferred, Fishing License Now Required."

History: Copano Bay State Fishing Pier, formerly a concession-operated state park, is a 5.9-acre State Park located five miles 
north of Rockport in Aransas County. The fishing pier, acquired by transfer of jurisdiction from the State Department of Highways 
and Public Transportation in 1967, was opened the same year. The old causeway was cut to aid boat traffic, so the pier now has 
2500 feet on the north side and 6190 feet on the south side. 

On November 1, 2005 T.P.W.D. transferred the Fishing Pier to the control of the Aransas County Navigation District No.1 
(ACND). The pier along with additional lands obtained by ACND from TxDOT are slated for improvements to benefit the citizens 
of Aransas County and its growing number of visitors.

For The Future: The ACND has plans to conduct major renovations and upgrades to this facility.  Current plans include a grant 
funded project to repair and expand the existing boat launching area at this extremely popular facility.  Expansion will include an 
additional ramp lane, refurbished queuing docks, an observation area, and fish cleaning station.  Parking improvements will include 
increased parking area with provisions for improved traffic flow.

Work on the facility will also include renovations and repairs to the fishing pier and restroom facilities as well.

http://www.acnd.org/copano_bay_fishing_pier____boa.htm (1 of 2)11/21/2007 8:17:23 AM
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Copano Bay Fishing Pier  --  Boa

 

Activities: Attractions include picnicking (no facilities), saltwater fishing, boating, and swimming. Note: This facility is no longer 
operated by T.P.W.D. Unless you meet certain exemption requirements, a fishing license is required in order to fish here. 

Area Attractions: Nearby attractions include Goose Island State Park, Lake Corpus Christi State Park, Matagorda Island Wildlife 
Management Area, Fulton Mansion State Historic Site, Lipantitlan State Historic Site, and the City of Corpus Christi. 

Facilities: Facilities include restrooms without showers, concession buildings (fishing supplies, dead and live bait, and a snack 
bar), a launching ramp, a lighted fishing pier, and fish-cleaning facilities. Fees are charged to those persons fishing. The boat ramp 
is located adjacent to the south side pier. 

Schedule: Open 24 hours a day, 7 days a week. Note: Due to low visitation, from Labor Day until Memorial Day weekend, the 
north end of the Causeway Fishing Pier is lighted only on Fridays, Saturdays and Holidays. The south end of the Causeway Fishing 
Pier is lighted year round.

Directions: Copano Bay Fishing Pier is located 5 miles north of Rockport on State Highway 35. 

This facility is operated by the Aransas County Navigation District (361/729-6661). 

(Return to ACND Homepage)
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TPWD: Rare, Threatened, and Endangered Species of Texas by County

 
Local Navigation Main Content 
search print friendly 

●      Regulations  
●      Publications  
●      Outdoor Learning  
●      Kids  
●      Game Warden  
●      Grants   
●      Get Involved  
●      Shop  
●      FAQ  
●      Calendar  
●     Español 

●       Experience Texas   
●       Fishing & Boating   
●       State Parks & Destinations   
●       Hunting & Wildlife   
●       Land & Water   
●       Doing Business   

  Related Endangered Species Links: 

●     Rare, Threatened, and Endangered Species of Texas by County Database 
●     Endangered Species State and Federal Regulations 
●     Texas Threatened and Endangered Species Regulations 

Usability and Compliancy Statement: 

This application may not function (or look) the same in all browsers, including assistive technologies 
and is currently best viewed in Internet Explorer 6 Service Pack 1. Efforts are underway however, to 
improve cross browser compatibility. Additional info can be obtained at: www.tpwd.state.tx.us/site/
policies

If you are having difficulty accessing this information or if you have technical questions about this area 
of the TPWD web site, please contact us:
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By telephone at: 512-389-8070 (Monday through Friday) from 8:00 am to 5:00 pm (central time), or via 
e-mail at: gis.lab@tpwd.state.tx.us.

  

Welcome to the Rare, Threatened,
and Endangered Species of Texas by County

This database contains county level information for species of special concern in the State of Texas. 
Brief information about the habitat of a species and its regulatory listing status is also included. The 
database is structured to allow the user to query a county and obtain a list of rare species for that 
particular county. The user may also select for a rare species and obtain a map showing which county 
lists include that species. This database replaces the TPWD county lists formerly available by request 
through the Wildlife Division. These lists and maps were developed as an aid to assist land managers, 
resource personnel and individuals in the conservation of rare species. 

If you have questions regarding the database content, please contact us via email at TES@tpwd.state.tx.
us.

PLEASE DISABLE POP-UP BLOCKING SOFTWARE
(or add this site to your pop up blocker safe/exception/ok list)
BEFORE ACCESSING THIS APPLICATION.

Printing from this website: The printing portions of this website may prompt for the installation of a 
print control component to be installed. This component allows users to print data in a printer friendly 
format. To install the control, users will need to have administrative rights/privileges on the computer 
they are using for the print component to install properly. 

Access link for The Rare, Threatened, and Endangered Species of Texas by County 

●     Contact Us | 
●     Help | 
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●     Accessibility | 
●     Media | 
●     Site Policies | 
●     Complaints | 
●     Intranet | 
●     State of Texas | 
●     TRAILS Search | 
●     TexasOnline | 
●     Compact with Texans 

 
Texas Parks and Wildlife Department, 4200 Smith School Road, Austin, TX 78744
Toll Free: (800) 792-1112, Austin: (512) 389-4800
Content of this site © Texas Parks and Wildlife Department unless otherwise noted. 

Last modified: November 19, 2007, 3:53 pm
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  Main | 11/21/2007 2:20:36 PM

Rare, Threatened, and Endangered Species of Texas 

Search by...

Type full or partial County 
Name and click "GO"

    
Leave blank and click "GO" for a 
complete list

OR

Type full or partial Common 
Name and click "GO"

    
Leave blank and click "GO" for a 
complete list

OR

Type full or partial Scientific 
Name and click "GO"

    
Leave blank and click "GO" for a 
complete list

View County List Key and 
Disclaimer

View Rare Resources Review 
Request Form

Take our survey!

  

Species Search Results for 'Aransas'

Taxon Common Name Scientific Name Federal Status State Status County Range

Amphibians Sheep frog Hypopachus variolosus T View Map 

Amphibians Black-spotted newt Notophthalmus meridionalis T View Map 

Birds Henslow's Sparrow Ammodramus henslowii View Map 

Birds White-tailed Hawk Buteo albicaudatus T View Map 

Birds Snowy Plover Charadrius alexandrinus View Map 

Birds Western Snowy Plover Charadrius alexandrinus nivosus View Map 

Birds Southeastern Snowy Plover Charadrius alexandrinus 
tenuirostris 

View Map 

Birds Piping Plover Charadrius melodus LT T View Map 

Birds Mountain Plover Charadrius montanus View Map 

Birds Reddish Egret Egretta rufescens T View Map 

Birds Peregrine Falcon Falco peregrinus DL E T View Map 

Birds American Peregrine Falcon Falco peregrinus anatum DL E View Map 

Birds Arctic Peregrine Falcon Falco peregrinus tundrius DL T View Map 

Birds Whooping Crane Grus americana LE E View Map 

Birds Wood Stork Mycteria americana T View Map 

Birds Eskimo Curlew Numenius borealis LE E View Map 

Birds Brown Pelican Pelecanus occidentalis LE E View Map 

Birds White-faced Ibis Plegadis chihi T View Map 

Birds Sooty Tern Sterna fuscata T View Map 

Fishes American eel Anguilla rostrata View Map 

Fishes Opossum pipefish Microphis brachyurus T View Map 

Insects Manfreda giant-skipper Stallingsia maculosus View Map 

Mammals Aransas short-tailed shrew Blarina hylophaga plumbea View Map 

Mammals Red wolf Canis rufus LE E View Map 

Mammals Jaguarundi Herpailurus yaguarondi LE E View Map 
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http://www.tpwd.state.tx.us/publications/pwdforms/media/pwd_1059_w7000_rare_resources_review_requests.pdf
http://www.tpwd.state.tx.us/publications/pwdforms/media/pwd_1059_w7000_rare_resources_review_requests.pdf
http://gis.tpwd.state.tx.us/TpwEndangeredSpecies/DesktopModules/pwd_1117_w7000_endangered_species_database_survey.pdf
http://gis.tpwd.state.tx.us/TpwEndangeredSpecies/DesktopDefault.aspx?tabindex=0&tabid=9&type=map&cname=Sheep frog&desc=predominantly grassland and savanna; moist sites in arid areas&parm=AAABE02010&sname=Hypopachus variolosus&usesa=&sprot=T
http://gis.tpwd.state.tx.us/TpwEndangeredSpecies/DesktopDefault.aspx?tabindex=0&tabid=9&type=map&cname=Black-spotted newt&desc=can be found in wet or sometimes wet areas, such as arroyos, canals, ditches, or even shallow depressions; aestivates in the ground during dry periods; Gulf Coastal Plain south of the San Antonio River&parm=AAAAF01010&sname=Notophthalmus meridionalis&usesa=&sprot=T
http://gis.tpwd.state.tx.us/TpwEndangeredSpecies/DesktopDefault.aspx?tabindex=0&tabid=9&type=map&cname=Henslow's Sparrow&desc=wintering individuals (not flocks) found in weedy fields or cut-over areas where lots of bunch grasses occur along with vines and brambles; a key component is bare ground for running/walking&parm=ABPBXA0030&sname=Ammodramus henslowii&usesa=&sprot=
http://gis.tpwd.state.tx.us/TpwEndangeredSpecies/DesktopDefault.aspx?tabindex=0&tabid=9&type=map&cname=White-tailed Hawk&desc=near coast on prairies, cordgrass flats, and scrub-live oak; further inland on prairies, mesquite and oak savannas, and mixed savanna-chaparral; breeding March-May&parm=ABNKC19080&sname=Buteo albicaudatus&usesa=&sprot=T
http://gis.tpwd.state.tx.us/TpwEndangeredSpecies/DesktopDefault.aspx?tabindex=0&tabid=9&type=map&cname=Snowy Plover&desc=formerly an uncommon breeder in the Panhandle; potential migrant; winter along coast&parm=ABNNB03030&sname=Charadrius alexandrinus&usesa=&sprot=
http://gis.tpwd.state.tx.us/TpwEndangeredSpecies/DesktopDefault.aspx?tabindex=0&tabid=9&type=map&cname=Western Snowy Plover&desc= uncommon breeder in the Panhandle; potential migrant; winter along coast&parm=ABNNB03031&sname=Charadrius alexandrinus nivosus&usesa=&sprot=
http://gis.tpwd.state.tx.us/TpwEndangeredSpecies/DesktopDefault.aspx?tabindex=0&tabid=9&type=map&cname=Southeastern Snowy Plover&desc=wintering migrant along the Texas Gulf Coast beaches and bayside mud or salt flats&parm=ABNNB03032&sname=Charadrius alexandrinus tenuirostris&usesa=&sprot=
http://gis.tpwd.state.tx.us/TpwEndangeredSpecies/DesktopDefault.aspx?tabindex=0&tabid=9&type=map&cname=Piping Plover&desc=wintering migrant along the Texas Gulf Coast; beaches and bayside mud or salt flats &parm=ABNNB03070&sname=Charadrius melodus&usesa=LT&sprot=T
http://gis.tpwd.state.tx.us/TpwEndangeredSpecies/DesktopDefault.aspx?tabindex=0&tabid=9&type=map&cname=Mountain Plover&desc=breeding: nests on high plains or shortgrass prairie, on ground in shallow depression; nonbreeding: shortgrass plains and bare, dirt (plowed) fields; primarily insectivorous &parm=ABNNB03100&sname=Charadrius montanus&usesa=&sprot=
http://gis.tpwd.state.tx.us/TpwEndangeredSpecies/DesktopDefault.aspx?tabindex=0&tabid=9&type=map&cname=Reddish Egret&desc=resident of the Texas Gulf Coast; brackish marshes and shallow salt ponds and tidal flats; nests on ground or in trees or bushes, on dry coastal islands in brushy thickets of yucca and prickly pear&parm=ABNGA06060&sname=Egretta rufescens&usesa=&sprot=T
http://gis.tpwd.state.tx.us/TpwEndangeredSpecies/DesktopDefault.aspx?tabindex=0&tabid=9&type=map&cname=Peregrine%20Falcon&desc=both%20subspecies%20migrate%20across%20the%20state%20from%20more%20northern%20breeding%20areas%20in%20US%20and%20Canada%20to%20winter%20along%20coast%20and%20farther%20south;%20subspecies%20(F.%20p.%20anatum)%20is%20also%20a%20resident%20breeder%20in%20west%20Texas;%20the%20two%20subspecies%E2%80%99%20listing%20statuses%20differ,%20thus%20the%20species%20level%20shows%20this%20dual%20listing%20status;%20because%20the%20subspecies%20are%20not%20easily%20distinguishable%20at%20a%20distance,%20reference%20is%20generally%20made%20only%20to%20the%20species%20level;%20see%20subspecies%20for%20habitat.&parm=ABNKD06070&sname=Falco%20peregrinus&usesa=DL&sprot=E%20T
http://gis.tpwd.state.tx.us/TpwEndangeredSpecies/DesktopDefault.aspx?tabindex=0&tabid=9&type=map&cname=American Peregrine Falcon&desc=year-round resident and local breeder in west Texas, nests in tall cliff eyries; also, migrant across state from more northern breeding areas in US and Canada, winters along coast and farther south; occupies wide range of habitats during migration, including urban, concentrations along coast and barrier islands; low-altitude migrant, stopovers at leading landscape edges such as lake shores, coastlines, and barrier islands.&parm=ABNKD06071&sname=Falco peregrinus anatum&usesa=DL&sprot=E
http://gis.tpwd.state.tx.us/TpwEndangeredSpecies/DesktopDefault.aspx?tabindex=0&tabid=9&type=map&cname=Arctic%20Peregrine%20Falcon&desc=migrant%20throughout%20state%20from%20subspecies%E2%80%99%20far%20northern%20breeding%20range,%20winters%20along%20coast%20and%20farther%20south;%20occupies%20wide%20range%20of%20habitats%20during%20migration,%20including%20urban,%20concentrations%20along%20coast%20and%20barrier%20islands;%20low-altitude%20migrant,%20stopovers%20at%20leading%20landscape%20edges%20such%20as%20lake%20shores,%20coastlines,%20and%20barrier%20islands.&parm=ABNKD06074&sname=Falco%20peregrinus%20tundrius&usesa=DL&sprot=T
http://gis.tpwd.state.tx.us/TpwEndangeredSpecies/DesktopDefault.aspx?tabindex=0&tabid=9&type=map&cname=Whooping Crane&desc=potential migrant via plains throughout most of state to coast; winters in  coastal marshes of Aransas, Calhoun, and Refugio counties&parm=ABNMK01030&sname=Grus americana&usesa=LE&sprot=E
http://gis.tpwd.state.tx.us/TpwEndangeredSpecies/DesktopDefault.aspx?tabindex=0&tabid=9&type=map&cname=Wood Stork&desc=forages in prairie ponds, flooded pastures or fields, ditches, and other shallow standing water, including salt-water; usually roosts communally in tall snags, sometimes in association with other wading birds (i.e. active heronries); breeds in Mexico and birds move into Gulf States in search of mud flats and other wetlands, even those associated with forested areas; formerly nested in Texas, but no breeding records since 1960&parm=ABNGF02010&sname=Mycteria americana&usesa=&sprot=T
http://gis.tpwd.state.tx.us/TpwEndangeredSpecies/DesktopDefault.aspx?tabindex=0&tabid=9&type=map&cname=Eskimo Curlew&desc=historic; nonbreeding: grasslands, pastures, plowed fields, and less frequently, marshes and mudflats&parm=ABNNF07010&sname=Numenius borealis&usesa=LE&sprot=E
http://gis.tpwd.state.tx.us/TpwEndangeredSpecies/DesktopDefault.aspx?tabindex=0&tabid=9&type=map&cname=Brown Pelican&desc=largely coastal and near shore areas, where it roosts and nests on islands and spoil banks&parm=ABNFC01020&sname=Pelecanus occidentalis&usesa=LE&sprot=E
http://gis.tpwd.state.tx.us/TpwEndangeredSpecies/DesktopDefault.aspx?tabindex=0&tabid=9&type=map&cname=White-faced Ibis&desc=prefers freshwater marshes, sloughs, and irrigated rice fields, but will attend brackish and saltwater habitats; nests in marshes, in low trees, on the ground in bulrushes or reeds, or on floating mats&parm=ABNGE02020&sname=Plegadis chihi&usesa=&sprot=T
http://gis.tpwd.state.tx.us/TpwEndangeredSpecies/DesktopDefault.aspx?tabindex=0&tabid=9&type=map&cname=Sooty Tern&desc=predominately 'on the wing'; does not dive, but snatches small fish and squid with bill as it flies or hovers over water; breeding April-July &parm=ABNNM08150&sname=Sterna fuscata&usesa=&sprot=T
http://gis.tpwd.state.tx.us/TpwEndangeredSpecies/DesktopDefault.aspx?tabindex=0&tabid=9&type=map&cname=American eel&desc=coastal waterways below reservoirs to gulf; spawns January to February in ocean, larva move to coastal waters, metamorphose, then females move into freshwater; most aquatic habitats with access to ocean, muddy bottoms, still waters, large streams, lakes; can travel overland in wet areas; males in brackish estuaries; diet varies widely, geographically, and seasonally&parm=AFCEA01010&sname=Anguilla rostrata&usesa=&sprot=
http://gis.tpwd.state.tx.us/TpwEndangeredSpecies/DesktopDefault.aspx?tabindex=0&tabid=9&type=map&cname=Opossum pipefish&desc=brooding adults found in fresh or low salinity waters and young move or are carried into more saline waters after birth; southern coastal areas&parm=AFCPB09010&sname=Microphis brachyurus&usesa=&sprot=T
http://gis.tpwd.state.tx.us/TpwEndangeredSpecies/DesktopDefault.aspx?tabindex=0&tabid=9&type=map&cname=Manfreda giant-skipper&desc=most skippers are small and stout-bodied; name derives from fast, erratic flight; at rest most skippers hold front and hind wings at different angles; skipper larvae are smooth, with the head and neck constricted; skipper larvae usually feed inside a leaf shelter and pupate in a cocoon made of leaves fastened together with silk&parm=IILEP89010&sname=Stallingsia maculosus&usesa=&sprot=
http://gis.tpwd.state.tx.us/TpwEndangeredSpecies/DesktopDefault.aspx?tabindex=0&tabid=9&type=map&cname=Aransas short-tailed shrew&desc=excavates burrows in sandy soils underlying mottes of live oak trees or in areas with little to no ground cover; 2-3 litters of 4-6 young per year&parm=AMABA03031&sname=Blarina hylophaga plumbea&usesa=&sprot=
http://gis.tpwd.state.tx.us/TpwEndangeredSpecies/DesktopDefault.aspx?tabindex=0&tabid=9&type=map&cname=Red wolf&desc=extirpated; formerly known throughout eastern half of Texas in brushy and forested areas, as well as coastal prairies &parm=AMAJA01020&sname=Canis rufus&usesa=LE&sprot=E
http://gis.tpwd.state.tx.us/TpwEndangeredSpecies/DesktopDefault.aspx?tabindex=0&tabid=9&type=map&cname=Jaguarundi&desc=thick brushlands, near water favored; 60 to 75 day gestation, young born sometimes twice per year in March and August, elsewhere the beginning of the rainy season and end of the dry season&parm=AMAJH01050&sname=Herpailurus yaguarondi&usesa=LE&sprot=E
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Mammals Ocelot Leopardus pardalis LE E View Map 

Mammals White-nosed coati Nasua narica T View Map 

Mammals Plains spotted skunk Spilogale putorius interrupta View Map 

Mammals West Indian manatee Trichechus manatus LE E View Map 

Mammals Black bear Ursus americanus T/SA;NL T View Map 

Mammals Louisiana black bear Ursus americanus luteolus LT T View Map 

Plants Coastal gay-feather Liatris bracteata View Map 

Plants Tharp's rhododon Rhododon angulatus View Map 

Plants Threeflower broomweed Thurovia triflora View Map 

Reptiles Loggerhead sea turtle Caretta caretta LT T View Map 

Reptiles Texas scarlet snake Cemophora coccinea lineri T View Map 

Reptiles Green sea turtle Chelonia mydas LT T View Map 

Reptiles Timber/Canebrake 
rattlesnake Crotalus horridus T View Map 

Reptiles Leatherback sea turtle Dermochelys coriacea LE E View Map 

Reptiles Atlantic hawksbill sea turtle Eretmochelys imbricata LE E View Map 

Reptiles Texas tortoise Gopherus berlandieri T View Map 

Reptiles Kemp's Ridley sea turtle Lepidochelys kempii LE E View Map 

Reptiles Texas diamondback terrapin Malaclemys terrapin littoralis View Map 

Reptiles Gulf Saltmarsh snake Nerodia clarkii View Map 

Reptiles Texas horned lizard Phrynosoma cornutum T View Map 
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http://gis.tpwd.state.tx.us/TpwEndangeredSpecies/DesktopDefault.aspx?tabindex=0&tabid=9&type=map&cname=Ocelot&desc=dense chaparral thickets; mesquite-thorn scrub and live oak mottes; avoids open areas; breeds and raises young June-November&parm=AMAJH01030&sname=Leopardus pardalis&usesa=LE&sprot=E
http://gis.tpwd.state.tx.us/TpwEndangeredSpecies/DesktopDefault.aspx?tabindex=0&tabid=9&type=map&cname=White-nosed coati&desc=woodlands, riparian corridors and canyons; most individuals in Texas probably transients from Mexico; diurnal and crepuscular; very sociable; forages on ground and in trees; omnivorous; may be susceptible to hunting, trapping, and pet trade &parm=AMAJE03010&sname=Nasua narica&usesa=&sprot=T
http://gis.tpwd.state.tx.us/TpwEndangeredSpecies/DesktopDefault.aspx?tabindex=0&tabid=9&type=map&cname=Plains spotted skunk&desc=catholic; open fields, prairies, croplands, fence rows, farmyards, forest edges, and woodlands; prefers wooded, brushy areas and tallgrass prairie&parm=AMAJF05011&sname=Spilogale putorius interrupta&usesa=&sprot=
http://gis.tpwd.state.tx.us/TpwEndangeredSpecies/DesktopDefault.aspx?tabindex=0&tabid=9&type=map&cname=West Indian manatee&desc=Gulf and bay system; opportunistic, aquatic herbivore&parm=AMAKA01010&sname=Trichechus manatus&usesa=LE&sprot=E
http://gis.tpwd.state.tx.us/TpwEndangeredSpecies/DesktopDefault.aspx?tabindex=0&tabid=9&type=map&cname=Black bear&desc=bottomland hardwoods and large tracts of inaccessible forested areas; due to field characteristics similar to Louisiana Black Bear (LT, T), treat all east Texas black bears as federal and state listed Threatened &parm=AMAJB01010&sname=Ursus americanus&usesa=T/SA;NL&sprot=T
http://gis.tpwd.state.tx.us/TpwEndangeredSpecies/DesktopDefault.aspx?tabindex=0&tabid=9&type=map&cname=Louisiana black bear&desc=possible as transient; bottomland hardwoods and large tracts of inaccessible forested areas&parm=AMAJB01012&sname=Ursus americanus luteolus&usesa=LT&sprot=T
http://gis.tpwd.state.tx.us/TpwEndangeredSpecies/DesktopDefault.aspx?tabindex=0&tabid=9&type=map&cname=Coastal gay-feather&desc=endemic; black clay soils of prairie remnants; flowering in fall&parm=PDAST5X040&sname=Liatris bracteata&usesa=&sprot=
http://gis.tpwd.state.tx.us/TpwEndangeredSpecies/DesktopDefault.aspx?tabindex=0&tabid=9&type=map&cname=Tharp's rhododon&desc=deep, sandy soils among and upon stabilized dunes; found in fairly open areas with sparse vegetation&parm=PDLAM1P020&sname=Rhododon angulatus&usesa=&sprot=
http://gis.tpwd.state.tx.us/TpwEndangeredSpecies/DesktopDefault.aspx?tabindex=0&tabid=9&type=map&cname=Threeflower broomweed&desc=endemic; black clay soils of remnant grasslands, also tidal flats; flowering July-November&parm=PDASTCZ010&sname=Thurovia triflora&usesa=&sprot=
http://gis.tpwd.state.tx.us/TpwEndangeredSpecies/DesktopDefault.aspx?tabindex=0&tabid=9&type=map&cname=Loggerhead sea turtle&desc=Gulf and bay system&parm=ARAAA01010&sname=Caretta caretta&usesa=LT&sprot=T
http://gis.tpwd.state.tx.us/TpwEndangeredSpecies/DesktopDefault.aspx?tabindex=0&tabid=9&type=map&cname=Texas scarlet snake&desc=mixed hardwood scrub on sandy soils; feeds on reptile eggs; semi-fossorial; active April-September&parm=ARADB03013&sname=Cemophora coccinea lineri&usesa=&sprot=T
http://gis.tpwd.state.tx.us/TpwEndangeredSpecies/DesktopDefault.aspx?tabindex=0&tabid=9&type=map&cname=Green sea turtle&desc=Gulf and bay system; shallow water seagrass beds, open water between feeding and nesting areas, barrier island beaches; adults are herbivorous feeding on sea grass and seaweed; juveniles are omnivorous feeding initially on marine invertebrates, then increasingly on sea grasses and seaweeds &parm=ARAAA02010&sname=Chelonia mydas&usesa=LT&sprot=T
http://gis.tpwd.state.tx.us/TpwEndangeredSpecies/DesktopDefault.aspx?tabindex=0&tabid=9&type=map&cname=Timber/Canebrake rattlesnake&desc=swamps, floodplains, upland pine and deciduous woodlands, riparian zones, abandoned farmland; limestone bluffs, sandy soil or black clay; prefers dense ground cover, i.e. grapevines or palmetto&parm=ARADE02040&sname=Crotalus horridus&usesa=&sprot=T
http://gis.tpwd.state.tx.us/TpwEndangeredSpecies/DesktopDefault.aspx?tabindex=0&tabid=9&type=map&cname=Leatherback sea turtle&desc=Gulf and bay system&parm=ARAAC01010&sname=Dermochelys coriacea&usesa=LE&sprot=E
http://gis.tpwd.state.tx.us/TpwEndangeredSpecies/DesktopDefault.aspx?tabindex=0&tabid=9&type=map&cname=Atlantic hawksbill sea turtle&desc=Gulf and bay system&parm=ARAAA03010&sname=Eretmochelys imbricata&usesa=LE&sprot=E
http://gis.tpwd.state.tx.us/TpwEndangeredSpecies/DesktopDefault.aspx?tabindex=0&tabid=9&type=map&cname=Texas tortoise&desc=open brush with a grass understory is preferred; open grass and bare ground are avoided; when inactive occupies shallow depressions at base of bush or cactus, sometimes in underground burrows or under objects; longevity greater than 50 years; active March-November; breeds April-November&parm=ARAAF01020&sname=Gopherus berlandieri&usesa=&sprot=T
http://gis.tpwd.state.tx.us/TpwEndangeredSpecies/DesktopDefault.aspx?tabindex=0&tabid=9&type=map&cname=Kemp's Ridley sea turtle&desc=Gulf and bay system&parm=ARAAA04010&sname=Lepidochelys kempii&usesa=LE&sprot=E
http://gis.tpwd.state.tx.us/TpwEndangeredSpecies/DesktopDefault.aspx?tabindex=0&tabid=9&type=map&cname=Texas diamondback terrapin&desc=coastal marshes, tidal flats, coves, estuaries, and lagoons behind barrier beaches; brackish and salt water; burrows into mud when inactive; may venture into lowlands at high tide&parm=ARAAD06012&sname=Malaclemys terrapin littoralis&usesa=&sprot=
http://gis.tpwd.state.tx.us/TpwEndangeredSpecies/DesktopDefault.aspx?tabindex=0&tabid=9&type=map&cname=Gulf Saltmarsh snake&desc=saline flats, coastal bays, and brackish river mouths&parm=ARADB22090&sname=Nerodia clarkii&usesa=&sprot=
http://gis.tpwd.state.tx.us/TpwEndangeredSpecies/DesktopDefault.aspx?tabindex=0&tabid=9&type=map&cname=Texas horned lizard&desc=open, arid and semi-arid regions with sparse vegetation, including grass, cactus, scattered brush or scrubby trees; soil may vary in texture from sandy to rocky; burrows into soil, enters rodent burrows, or hides under rock when inactive; breeds March-September&parm=ARACF12010&sname=Phrynosoma cornutum&usesa=&sprot=T
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Species Search Results for 'San Patricio'

Taxon Common Name Scientific Name Federal Status State Status County Range

Amphibians Sheep frog Hypopachus variolosus T View Map 

Amphibians Black-spotted newt Notophthalmus meridionalis T View Map 

Amphibians South Texas siren (large 
form) Siren sp 1 T View Map 

Birds Henslow's Sparrow Ammodramus henslowii View Map 

Birds Western Burrowing Owl Athene cunicularia hypugaea View Map 

Birds White-tailed Hawk Buteo albicaudatus T View Map 

Birds Snowy Plover Charadrius alexandrinus View Map 

Birds Western Snowy Plover Charadrius alexandrinus nivosus View Map 

Birds Southeastern Snowy Plover Charadrius alexandrinus 
tenuirostris 

View Map 

Birds Piping Plover Charadrius melodus LT T View Map 

Birds Mountain Plover Charadrius montanus View Map 

Birds Reddish Egret Egretta rufescens T View Map 

Birds Peregrine Falcon Falco peregrinus DL E T View Map 

Birds American Peregrine Falcon Falco peregrinus anatum DL E View Map 

Birds Arctic Peregrine Falcon Falco peregrinus tundrius DL T View Map 

Birds Whooping Crane Grus americana LE E View Map 

Birds Sennett's Hooded Oriole Icterus cucullatus sennetti View Map 

Birds Wood Stork Mycteria americana T View Map 

Birds Eskimo Curlew Numenius borealis LE E View Map 

Birds Brown Pelican Pelecanus occidentalis LE E View Map 

Birds White-faced Ibis Plegadis chihi T View Map 

Birds Sooty Tern Sterna fuscata T View Map 

Fishes American eel Anguilla rostrata View Map 

Fishes Opossum pipefish Microphis brachyurus T View Map 
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http://www.tpwd.state.tx.us/
http://www.tpwd.state.tx.us/landwater/land/maps/gis/ris/endangered_species.phtml
http://gis.tpwd.state.tx.us/TpwEndangeredSpecies/DesktopModules/AcountyCodeKeyForWebESDatabases.pdf
http://gis.tpwd.state.tx.us/TpwEndangeredSpecies/DesktopModules/AcountyCodeKeyForWebESDatabases.pdf
http://www.tpwd.state.tx.us/publications/pwdforms/media/pwd_1059_w7000_rare_resources_review_requests.pdf
http://www.tpwd.state.tx.us/publications/pwdforms/media/pwd_1059_w7000_rare_resources_review_requests.pdf
http://gis.tpwd.state.tx.us/TpwEndangeredSpecies/DesktopModules/pwd_1117_w7000_endangered_species_database_survey.pdf
http://gis.tpwd.state.tx.us/TpwEndangeredSpecies/DesktopDefault.aspx?tabindex=0&tabid=9&type=map&cname=Sheep frog&desc=predominantly grassland and savanna; moist sites in arid areas&parm=AAABE02010&sname=Hypopachus variolosus&usesa=&sprot=T
http://gis.tpwd.state.tx.us/TpwEndangeredSpecies/DesktopDefault.aspx?tabindex=0&tabid=9&type=map&cname=Black-spotted newt&desc=can be found in wet or sometimes wet areas, such as arroyos, canals, ditches, or even shallow depressions; aestivates in the ground during dry periods; Gulf Coastal Plain south of the San Antonio River&parm=AAAAF01010&sname=Notophthalmus meridionalis&usesa=&sprot=T
http://gis.tpwd.state.tx.us/TpwEndangeredSpecies/DesktopDefault.aspx?tabindex=0&tabid=9&type=map&cname=South Texas siren (large form)&desc=wet or sometimes wet areas, such as arroyos, canals, ditches, or even shallow depressions; aestivates in the ground during dry periods, but does require some moisture to remain; southern Texas south of Balcones Escarpment; breeds February-June&parm=AAAAG02030&sname=Siren sp 1&usesa=&sprot=T
http://gis.tpwd.state.tx.us/TpwEndangeredSpecies/DesktopDefault.aspx?tabindex=0&tabid=9&type=map&cname=Henslow's Sparrow&desc=wintering individuals (not flocks) found in weedy fields or cut-over areas where lots of bunch grasses occur along with vines and brambles; a key component is bare ground for running/walking&parm=ABPBXA0030&sname=Ammodramus henslowii&usesa=&sprot=
http://gis.tpwd.state.tx.us/TpwEndangeredSpecies/DesktopDefault.aspx?tabindex=0&tabid=9&type=map&cname=Western Burrowing Owl&desc=open grasslands, especially prairie, plains, and savanna, sometimes in open areas such as vacant lots near human habitation or airports; nests and roosts in abandoned burrows&parm=ABNSB10012&sname=Athene cunicularia hypugaea&usesa=&sprot=
http://gis.tpwd.state.tx.us/TpwEndangeredSpecies/DesktopDefault.aspx?tabindex=0&tabid=9&type=map&cname=White-tailed Hawk&desc=near coast on prairies, cordgrass flats, and scrub-live oak; further inland on prairies, mesquite and oak savannas, and mixed savanna-chaparral; breeding March-May&parm=ABNKC19080&sname=Buteo albicaudatus&usesa=&sprot=T
http://gis.tpwd.state.tx.us/TpwEndangeredSpecies/DesktopDefault.aspx?tabindex=0&tabid=9&type=map&cname=Snowy Plover&desc=formerly an uncommon breeder in the Panhandle; potential migrant; winter along coast&parm=ABNNB03030&sname=Charadrius alexandrinus&usesa=&sprot=
http://gis.tpwd.state.tx.us/TpwEndangeredSpecies/DesktopDefault.aspx?tabindex=0&tabid=9&type=map&cname=Western Snowy Plover&desc= uncommon breeder in the Panhandle; potential migrant; winter along coast&parm=ABNNB03031&sname=Charadrius alexandrinus nivosus&usesa=&sprot=
http://gis.tpwd.state.tx.us/TpwEndangeredSpecies/DesktopDefault.aspx?tabindex=0&tabid=9&type=map&cname=Southeastern Snowy Plover&desc=wintering migrant along the Texas Gulf Coast beaches and bayside mud or salt flats&parm=ABNNB03032&sname=Charadrius alexandrinus tenuirostris&usesa=&sprot=
http://gis.tpwd.state.tx.us/TpwEndangeredSpecies/DesktopDefault.aspx?tabindex=0&tabid=9&type=map&cname=Piping Plover&desc=wintering migrant along the Texas Gulf Coast; beaches and bayside mud or salt flats &parm=ABNNB03070&sname=Charadrius melodus&usesa=LT&sprot=T
http://gis.tpwd.state.tx.us/TpwEndangeredSpecies/DesktopDefault.aspx?tabindex=0&tabid=9&type=map&cname=Mountain Plover&desc=breeding: nests on high plains or shortgrass prairie, on ground in shallow depression; nonbreeding: shortgrass plains and bare, dirt (plowed) fields; primarily insectivorous &parm=ABNNB03100&sname=Charadrius montanus&usesa=&sprot=
http://gis.tpwd.state.tx.us/TpwEndangeredSpecies/DesktopDefault.aspx?tabindex=0&tabid=9&type=map&cname=Reddish Egret&desc=resident of the Texas Gulf Coast; brackish marshes and shallow salt ponds and tidal flats; nests on ground or in trees or bushes, on dry coastal islands in brushy thickets of yucca and prickly pear&parm=ABNGA06060&sname=Egretta rufescens&usesa=&sprot=T
http://gis.tpwd.state.tx.us/TpwEndangeredSpecies/DesktopDefault.aspx?tabindex=0&tabid=9&type=map&cname=Peregrine%20Falcon&desc=both%20subspecies%20migrate%20across%20the%20state%20from%20more%20northern%20breeding%20areas%20in%20US%20and%20Canada%20to%20winter%20along%20coast%20and%20farther%20south;%20subspecies%20(F.%20p.%20anatum)%20is%20also%20a%20resident%20breeder%20in%20west%20Texas;%20the%20two%20subspecies%E2%80%99%20listing%20statuses%20differ,%20thus%20the%20species%20level%20shows%20this%20dual%20listing%20status;%20because%20the%20subspecies%20are%20not%20easily%20distinguishable%20at%20a%20distance,%20reference%20is%20generally%20made%20only%20to%20the%20species%20level;%20see%20subspecies%20for%20habitat.&parm=ABNKD06070&sname=Falco%20peregrinus&usesa=DL&sprot=E%20T
http://gis.tpwd.state.tx.us/TpwEndangeredSpecies/DesktopDefault.aspx?tabindex=0&tabid=9&type=map&cname=American Peregrine Falcon&desc=year-round resident and local breeder in west Texas, nests in tall cliff eyries; also, migrant across state from more northern breeding areas in US and Canada, winters along coast and farther south; occupies wide range of habitats during migration, including urban, concentrations along coast and barrier islands; low-altitude migrant, stopovers at leading landscape edges such as lake shores, coastlines, and barrier islands.&parm=ABNKD06071&sname=Falco peregrinus anatum&usesa=DL&sprot=E
http://gis.tpwd.state.tx.us/TpwEndangeredSpecies/DesktopDefault.aspx?tabindex=0&tabid=9&type=map&cname=Arctic%20Peregrine%20Falcon&desc=migrant%20throughout%20state%20from%20subspecies%E2%80%99%20far%20northern%20breeding%20range,%20winters%20along%20coast%20and%20farther%20south;%20occupies%20wide%20range%20of%20habitats%20during%20migration,%20including%20urban,%20concentrations%20along%20coast%20and%20barrier%20islands;%20low-altitude%20migrant,%20stopovers%20at%20leading%20landscape%20edges%20such%20as%20lake%20shores,%20coastlines,%20and%20barrier%20islands.&parm=ABNKD06074&sname=Falco%20peregrinus%20tundrius&usesa=DL&sprot=T
http://gis.tpwd.state.tx.us/TpwEndangeredSpecies/DesktopDefault.aspx?tabindex=0&tabid=9&type=map&cname=Whooping Crane&desc=potential migrant via plains throughout most of state to coast; winters in  coastal marshes of Aransas, Calhoun, and Refugio counties&parm=ABNMK01030&sname=Grus americana&usesa=LE&sprot=E
http://gis.tpwd.state.tx.us/TpwEndangeredSpecies/DesktopDefault.aspx?tabindex=0&tabid=9&type=map&cname=Sennett's Hooded Oriole&desc=often builds nests in and of Spanish moss (Tillandsia unioides); feeds on invertebrates, fruit, and nectar; breeding March to August&parm=ABPBXB9084&sname=Icterus cucullatus sennetti&usesa=&sprot=
http://gis.tpwd.state.tx.us/TpwEndangeredSpecies/DesktopDefault.aspx?tabindex=0&tabid=9&type=map&cname=Wood Stork&desc=forages in prairie ponds, flooded pastures or fields, ditches, and other shallow standing water, including salt-water; usually roosts communally in tall snags, sometimes in association with other wading birds (i.e. active heronries); breeds in Mexico and birds move into Gulf States in search of mud flats and other wetlands, even those associated with forested areas; formerly nested in Texas, but no breeding records since 1960&parm=ABNGF02010&sname=Mycteria americana&usesa=&sprot=T
http://gis.tpwd.state.tx.us/TpwEndangeredSpecies/DesktopDefault.aspx?tabindex=0&tabid=9&type=map&cname=Eskimo Curlew&desc=historic; nonbreeding: grasslands, pastures, plowed fields, and less frequently, marshes and mudflats&parm=ABNNF07010&sname=Numenius borealis&usesa=LE&sprot=E
http://gis.tpwd.state.tx.us/TpwEndangeredSpecies/DesktopDefault.aspx?tabindex=0&tabid=9&type=map&cname=Brown Pelican&desc=largely coastal and near shore areas, where it roosts and nests on islands and spoil banks&parm=ABNFC01020&sname=Pelecanus occidentalis&usesa=LE&sprot=E
http://gis.tpwd.state.tx.us/TpwEndangeredSpecies/DesktopDefault.aspx?tabindex=0&tabid=9&type=map&cname=White-faced Ibis&desc=prefers freshwater marshes, sloughs, and irrigated rice fields, but will attend brackish and saltwater habitats; nests in marshes, in low trees, on the ground in bulrushes or reeds, or on floating mats&parm=ABNGE02020&sname=Plegadis chihi&usesa=&sprot=T
http://gis.tpwd.state.tx.us/TpwEndangeredSpecies/DesktopDefault.aspx?tabindex=0&tabid=9&type=map&cname=Sooty Tern&desc=predominately 'on the wing'; does not dive, but snatches small fish and squid with bill as it flies or hovers over water; breeding April-July &parm=ABNNM08150&sname=Sterna fuscata&usesa=&sprot=T
http://gis.tpwd.state.tx.us/TpwEndangeredSpecies/DesktopDefault.aspx?tabindex=0&tabid=9&type=map&cname=American eel&desc=coastal waterways below reservoirs to gulf; spawns January to February in ocean, larva move to coastal waters, metamorphose, then females move into freshwater; most aquatic habitats with access to ocean, muddy bottoms, still waters, large streams, lakes; can travel overland in wet areas; males in brackish estuaries; diet varies widely, geographically, and seasonally&parm=AFCEA01010&sname=Anguilla rostrata&usesa=&sprot=
http://gis.tpwd.state.tx.us/TpwEndangeredSpecies/DesktopDefault.aspx?tabindex=0&tabid=9&type=map&cname=Opossum pipefish&desc=brooding adults found in fresh or low salinity waters and young move or are carried into more saline waters after birth; southern coastal areas&parm=AFCPB09010&sname=Microphis brachyurus&usesa=&sprot=T
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http://gis.tpwd.state.tx.us/TpwEndangeredSpecies/DesktopDefault.aspx?tabindex=0&tabid=9&type=map&cname=Texas pipefish&desc=Corpus Christi Bay; seagrass beds&parm=AFCPB01020&sname=Syngnathus affinis&usesa=&sprot=
http://gis.tpwd.state.tx.us/TpwEndangeredSpecies/DesktopDefault.aspx?tabindex=0&tabid=9&type=map&cname=Manfreda giant-skipper&desc=most skippers are small and stout-bodied; name derives from fast, erratic flight; at rest most skippers hold front and hind wings at different angles; skipper larvae are smooth, with the head and neck constricted; skipper larvae usually feed inside a leaf shelter and pupate in a cocoon made of leaves fastened together with silk&parm=IILEP89010&sname=Stallingsia maculosus&usesa=&sprot=
http://gis.tpwd.state.tx.us/TpwEndangeredSpecies/DesktopDefault.aspx?tabindex=0&tabid=9&type=map&cname=Red wolf&desc=extirpated; formerly known throughout eastern half of Texas in brushy and forested areas, as well as coastal prairies &parm=AMAJA01020&sname=Canis rufus&usesa=LE&sprot=E
http://gis.tpwd.state.tx.us/TpwEndangeredSpecies/DesktopDefault.aspx?tabindex=0&tabid=9&type=map&cname=Jaguarundi&desc=thick brushlands, near water favored; 60 to 75 day gestation, young born sometimes twice per year in March and August, elsewhere the beginning of the rainy season and end of the dry season&parm=AMAJH01050&sname=Herpailurus yaguarondi&usesa=LE&sprot=E
http://gis.tpwd.state.tx.us/TpwEndangeredSpecies/DesktopDefault.aspx?tabindex=0&tabid=9&type=map&cname=Southern yellow bat&desc=associated with trees, such as palm trees (Sabal mexicana) in Brownsville, which provide them with daytime roosts; insectivorous; breeding in late winter&parm=AMACC05050&sname=Lasiurus ega&usesa=&sprot=T
http://gis.tpwd.state.tx.us/TpwEndangeredSpecies/DesktopDefault.aspx?tabindex=0&tabid=9&type=map&cname=Ocelot&desc=dense chaparral thickets; mesquite-thorn scrub and live oak mottes; avoids open areas; breeds and raises young June-November&parm=AMAJH01030&sname=Leopardus pardalis&usesa=LE&sprot=E
http://gis.tpwd.state.tx.us/TpwEndangeredSpecies/DesktopDefault.aspx?tabindex=0&tabid=9&type=map&cname=White-nosed coati&desc=woodlands, riparian corridors and canyons; most individuals in Texas probably transients from Mexico; diurnal and crepuscular; very sociable; forages on ground and in trees; omnivorous; may be susceptible to hunting, trapping, and pet trade &parm=AMAJE03010&sname=Nasua narica&usesa=&sprot=T
http://gis.tpwd.state.tx.us/TpwEndangeredSpecies/DesktopDefault.aspx?tabindex=0&tabid=9&type=map&cname=Plains spotted skunk&desc=catholic; open fields, prairies, croplands, fence rows, farmyards, forest edges, and woodlands; prefers wooded, brushy areas and tallgrass prairie&parm=AMAJF05011&sname=Spilogale putorius interrupta&usesa=&sprot=
http://gis.tpwd.state.tx.us/TpwEndangeredSpecies/DesktopDefault.aspx?tabindex=0&tabid=9&type=map&cname=West Indian manatee&desc=Gulf and bay system; opportunistic, aquatic herbivore&parm=AMAKA01010&sname=Trichechus manatus&usesa=LE&sprot=E
http://gis.tpwd.state.tx.us/TpwEndangeredSpecies/DesktopDefault.aspx?tabindex=0&tabid=9&type=map&cname=Golden orb&desc=sand and gravel in some locations and mud at others;  intolerant of impoundment in most instances; Guadalupe, San Antonio, and Nueces River basins &parm=IMBIV39030&sname=Quadrula aurea&usesa=&sprot=
http://gis.tpwd.state.tx.us/TpwEndangeredSpecies/DesktopDefault.aspx?tabindex=0&tabid=9&type=map&cname=Elmendorf's onion&desc=endemic; deep sands derived from Queen City and similar Eocene formations; flowering April-May&parm=PMLIL020V0&sname=Allium elmendorfii&usesa=&sprot=
http://gis.tpwd.state.tx.us/TpwEndangeredSpecies/DesktopDefault.aspx?tabindex=0&tabid=9&type=map&cname=Plains gumweed&desc=endemic; prairies and grasslands on black clay soils of the Gulf Coastal Bend; may occur along railroad rights-of-way and in urban areas; flowering May-December&parm=PDAST470Q0&sname=Grindelia oolepis&usesa=&sprot=
http://gis.tpwd.state.tx.us/TpwEndangeredSpecies/DesktopDefault.aspx?tabindex=0&tabid=9&type=map&cname=Coastal gay-feather&desc=endemic; black clay soils of prairie remnants; flowering in fall&parm=PDAST5X040&sname=Liatris bracteata&usesa=&sprot=
http://gis.tpwd.state.tx.us/TpwEndangeredSpecies/DesktopDefault.aspx?tabindex=0&tabid=9&type=map&cname=Welder machaeranthera&desc=endemic; grasslands and adjacent scrub flats on clay; flowering October-November&parm=PDAST64120&sname=Psilactis heterocarpa&usesa=&sprot=
http://gis.tpwd.state.tx.us/TpwEndangeredSpecies/DesktopDefault.aspx?tabindex=0&tabid=9&type=map&cname=Threeflower broomweed&desc=endemic; black clay soils of remnant grasslands, also tidal flats; flowering July-November&parm=PDASTCZ010&sname=Thurovia triflora&usesa=&sprot=
http://gis.tpwd.state.tx.us/TpwEndangeredSpecies/DesktopDefault.aspx?tabindex=0&tabid=9&type=map&cname=Loggerhead sea turtle&desc=Gulf and bay system&parm=ARAAA01010&sname=Caretta caretta&usesa=LT&sprot=T
http://gis.tpwd.state.tx.us/TpwEndangeredSpecies/DesktopDefault.aspx?tabindex=0&tabid=9&type=map&cname=Texas scarlet snake&desc=mixed hardwood scrub on sandy soils; feeds on reptile eggs; semi-fossorial; active April-September&parm=ARADB03013&sname=Cemophora coccinea lineri&usesa=&sprot=T
http://gis.tpwd.state.tx.us/TpwEndangeredSpecies/DesktopDefault.aspx?tabindex=0&tabid=9&type=map&cname=Green sea turtle&desc=Gulf and bay system; shallow water seagrass beds, open water between feeding and nesting areas, barrier island beaches; adults are herbivorous feeding on sea grass and seaweed; juveniles are omnivorous feeding initially on marine invertebrates, then increasingly on sea grasses and seaweeds &parm=ARAAA02010&sname=Chelonia mydas&usesa=LT&sprot=T
http://gis.tpwd.state.tx.us/TpwEndangeredSpecies/DesktopDefault.aspx?tabindex=0&tabid=9&type=map&cname=Timber/Canebrake rattlesnake&desc=swamps, floodplains, upland pine and deciduous woodlands, riparian zones, abandoned farmland; limestone bluffs, sandy soil or black clay; prefers dense ground cover, i.e. grapevines or palmetto&parm=ARADE02040&sname=Crotalus horridus&usesa=&sprot=T
http://gis.tpwd.state.tx.us/TpwEndangeredSpecies/DesktopDefault.aspx?tabindex=0&tabid=9&type=map&cname=Leatherback sea turtle&desc=Gulf and bay system&parm=ARAAC01010&sname=Dermochelys coriacea&usesa=LE&sprot=E
http://gis.tpwd.state.tx.us/TpwEndangeredSpecies/DesktopDefault.aspx?tabindex=0&tabid=9&type=map&cname=Indigo snake&desc=Texas south of the Guadalupe River and Balcones Escarpment; thornbush-chaparral woodlands of south Texas, in particular dense riparian corridors; can do well in suburban and irrigated croplands if not molested or indirectly poisoned; requires moist microhabitats, such as rodent burrows, for shelter&parm=ARADB11010&sname=Drymarchon corais&usesa=&sprot=T
http://gis.tpwd.state.tx.us/TpwEndangeredSpecies/DesktopDefault.aspx?tabindex=0&tabid=9&type=map&cname=Atlantic hawksbill sea turtle&desc=Gulf and bay system&parm=ARAAA03010&sname=Eretmochelys imbricata&usesa=LE&sprot=E
http://gis.tpwd.state.tx.us/TpwEndangeredSpecies/DesktopDefault.aspx?tabindex=0&tabid=9&type=map&cname=Texas tortoise&desc=open brush with a grass understory is preferred; open grass and bare ground are avoided; when inactive occupies shallow depressions at base of bush or cactus, sometimes in underground burrows or under objects; longevity greater than 50 years; active March-November; breeds April-November&parm=ARAAF01020&sname=Gopherus berlandieri&usesa=&sprot=T
http://gis.tpwd.state.tx.us/TpwEndangeredSpecies/DesktopDefault.aspx?tabindex=0&tabid=9&type=map&cname=Spot-tailed earless lizard&desc=central and southern Texas and adjacent Mexico; moderately open prairie-brushland; fairly flat areas free of vegetation or other obstructions, including disturbed areas; eats small invertebrates; eggs laid underground&parm=ARACF08010&sname=Holbrookia lacerata&usesa=&sprot=
http://gis.tpwd.state.tx.us/TpwEndangeredSpecies/DesktopDefault.aspx?tabindex=0&tabid=9&type=map&cname=Kemp's Ridley sea turtle&desc=Gulf and bay system&parm=ARAAA04010&sname=Lepidochelys kempii&usesa=LE&sprot=E
http://gis.tpwd.state.tx.us/TpwEndangeredSpecies/DesktopDefault.aspx?tabindex=0&tabid=9&type=map&cname=Texas diamondback terrapin&desc=coastal marshes, tidal flats, coves, estuaries, and lagoons behind barrier beaches; brackish and salt water; burrows into mud when inactive; may venture into lowlands at high tide&parm=ARAAD06012&sname=Malaclemys terrapin littoralis&usesa=&sprot=
http://gis.tpwd.state.tx.us/TpwEndangeredSpecies/DesktopDefault.aspx?tabindex=0&tabid=9&type=map&cname=Gulf Saltmarsh snake&desc=saline flats, coastal bays, and brackish river mouths&parm=ARADB22090&sname=Nerodia clarkii&usesa=&sprot=
http://gis.tpwd.state.tx.us/TpwEndangeredSpecies/DesktopDefault.aspx?tabindex=0&tabid=9&type=map&cname=Texas horned lizard&desc=open, arid and semi-arid regions with sparse vegetation, including grass, cactus, scattered brush or scrubby trees; soil may vary in texture from sandy to rocky; burrows into soil, enters rodent burrows, or hides under rock when inactive; breeds March-September&parm=ARACF12010&sname=Phrynosoma cornutum&usesa=&sprot=T
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Species Profile: Whooping crane (Grus americana)

IU.S. Fish & Wildlife Service

Usting Information

Primary Lisling Shltus

Enc1ar'l9"red (exce pt where XN I

Taxonomy

Kingdom Cla ss Order Family

AnImalia A,," Gruilormes Gr'uldae

Other Resources

Regulatory Status

PartnersfCoastal

Recovery Critical Habitat Conservation Plans Pet it ions

Overvi ew
Genera/ In forma tion: 132 em. Large whi le crane, Ad ulls while w ith red
crown and black forehead, teres and moustac he (l ipped red), and red Iacral
skin around large, hom-<:oloured bi ll. Shows blad primaries in m9hl.
Immafura wMlsh with sca ttered bro wn feal hers over w ings and paler ,
reddish·brown head ar.d nec l<.

The FWS II currently monitoring the fol loWing populations of the WhooPing
~M

Entire, u .cept wh ere lisled as an u perl mental population
(Endangered)

SlirteSIVS Territorie. in which "'is pop4I/llUon i$
known to occur-: ceeeeee • I<anuIs , Montana ,
Nebrasb , North Oakota , Oklahoma , Sou1hDakota •
Texas

USFWS Refuge. i n which thia populalion Is kn-own ro
occur. ARANSAS NATIONAL WILDLIFE REFUGE .
AUDUB ON NATION AL WI LDLIFE REFUGE . AUDUBON
WETlAND MAN AGEM EN T DISTRICT , BUFFALO LAKE
NATIONAl.. WILDLIFE REFUGE , CHASE lAKE
NATIONAL WILDLIFE REFUGE , CHASE LAKE
PRAI RIE PROJ ECT WEnANO MAN AGEM ENT
DIS TRICT . COTTONWOOD LAKE NA TIONAL
WILDLIFE REFUGE , CROSBY WETlAND
MANAGEMEN T DISTRICT , DEVILS LAK E WETLAND
MANAGEMENT DISTRICT , FORT NIOB RARA
NATIONAL WI LDLIFE R EFUG E , J . CLARK SALY ER
NATIONAL WllDU FE REFUGE . J . CLARK SAlYER
WETLAND MANAGEMENT DISTRICT, KIRWIN
NATIONAl WIL DLIFE R EFUGE , KULM WETlAND
MANAGEMENT D IST RICT . LAKE ANDE S NATIONA L
WILDLIFE REFUG E , LAKE ANDES WETlAND
MANA GEME NT D ISTRICT , lAKE fLO NA TIONAL
WILDLIFE REFUGE , LAKE NETT IE NATIONAL
WILDLIFE REFUGE , lAKE ZA HL NATIONAl WILDLIFE
REFUGE. LONG lAKE NATIONAL WILDLIFE
REFUGE . LONG lAKE WETlAND MANAGEM ENT
DISTR ICT , LORDS LAKE NATIONAl WILDlIFE
REFUGE . LOSTWOOO NATIONAL WILDLIFE
REFUGE . MEDICINE LAKE NATIONAL WI LDLIFE
REFUGE . OPTIMA NATIONAL WILDLIFE REFUGE .
OUMRA NATIONAL WILOUFE REFUGE. RASB I..AKE
NATIONAl Wl.OLIFE REFUGE . RAINWATER BAS IN
WETlAND MANAGEMENT DISTRICT . SAl.T PLAINS
NATIONAl. Wl..OLlFE REFUGE . SCHOOL SECTION
LAKE NATIONAl. WILDLIFE REFUGE . UPPER SOURIS
NATIONAL WIl..DlIFE REFUGE . VALENT INE
NATIONAl Wn..DlIFE REFUGE , WA$HITA NATIONAL
WlLOLIFE REFUGE , WlLl.OW lAKE NATION AL
WlLOLIFE REFUGE. WINTERING RIVER NATIONAL
WlLOLIFE REFUGE

Cou n r"'-es in which this popula tion Is IInown to occu r;
Canada

For more information , please see :

http://ccos.fws.gov/spcciesProfile/Speci esReport .do?spcode=B003 11 11 212007
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Current Usting Statuses

Pagc 2 of 4

U.SA IAL , AR, G.... IL, IN, I.... KY,LA. MI, MH, MS, MO, NC, OH,
SC, TN, VA. WI. WVl (Elperimental Population. Non-Essential)

State&ll/S T&rrltories In which IJI/s population Is
IInown 10 occur: Alabama , Arkanaas . Georg ,a •
Ilhnois . Indiana . Iowa , Kentucky . Louisiana. Michigan ,
MinnesoUl • Mississippi . Missouri . North Carolina ,
Ohio . South Carolina , Tennessee , Virgmia . West
Virg in,s . Wisconsin

For mote Jnformifllon, plen e Sft:
tntP~~~liloriesJBQQ3.htmJ

U.SA ICO, 10, FL, NM, UT,and the ....I.m hall of Wyomingl
(Experimental Population, Non-Essenliall

S~"&Il/S T.mtones In which lhiS population is
llnown to occur. ColoradO, Flonda, WISCOnsin

For more In formation, p/eifSe see:
tlllPJje<X>s.!ws,govldoo;lI1rfe.J'llstolJeSil300J.htntl

listing StatusJRegulatory Documents

exceo! whefe XN

U,SA (CO. 10 . FL NM. l1T. and the western half of Wyommg)

Whelll L1s led

Experimental Poputation . Non
Essential

U,S.A.(AL, AR, GA. IL, IN. lA, KY, LA. Mt, MN. MS. MO, NC. OH, SC. Experiment al Population, Non-
TN, VA. WI. WV) Essentia l

Most Recent Regulatory Documents

03/1111961

0112211993

06rnl120 01

lead Region

......est
Region

Southeas t
Region

Southwest
Region

Whelll lisled

U.SA (AL..AR.GA, IL IN. IA. KY. LA 1041.MN,
MS. MO. NC. 01-1. SC. TN, VA, WI, WV)

U.SA (AL..AR. GA,Il. IN. 1A.KY. LA MI. t.AN.
MS. MO. NC. 01-1 , SC, TN. VA, WI, WV)

U.S.A. (CO. 10 , Fl . NM, UT, and the western
half of Wyom"'0 1

U.S.A. (CO. 10 , Fl . NM. UT. and the westem
half of Wyoming)

U.S.A. (CO. 10, FL Nt.A, UT, and the western
half of Wyoming)

Citation-...
56 'R

0612'612OO1 33903
339 11

56'R
031'0912OO1 14107

1411 9

62 FR
07121 /1997 38932

38939

61 FR
02106/1996 4394 440 1

011221199358 FR
56475656

"".
Enoangere<l aCId Threatenec! Wlldkfc and F\lnts '
E~lat!!!~t o1itNO~les~n---.l!a) ,Experirt'lenlal.fwulat!o!1..ol

'NlJoQ~Q'I,nes.ll..b..Easlern~ed Statn

E,odallgOred allCl Th-.ateneO'fildlJfe .1lCI1'Iants~ Uo

~Ja$!l i. NQ[l:e S$;oW~I)\il L~l,IIa~~
WhOOping Cranes In 1ho Eastern lJorted SlIt'li

OWP: Fica l RYIe tQ [)esillna~

~_MO\Intlllif'!UI$. E><.M!J!Mr!lalNQf1en ontia!. at'l.d_l0
Remo....,WI'loop"..oQ Crafl')_Cri~l li..bilat Oesign.iltioD6.FJ'OfIl
tl'-l<LL.acalionJ
EIWe:.J·1OP.QJaLto..Pe~Qllil.tUhe...WllooP.illg Cr,1Dll.uiJl)e
Rockv Moyntalns as Experjmental NQIlt:$$enljal and to
Bemove.Wboopi./'lQ.CrlUJll. .t~lliabi\lt DoSlll.naliont.FJOfn
f our Locations

ETWP; E$labli$hment of an Expenmenl.alNonessential
Popu l8toonof WhooQing Cranes in Florida: (Gnn; americana)

http://ecos.fws.gov/specicsProfil clSpeci esRcport .do?spcode=B003 11 /1 212007
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Special Rule Publications

Pagc Lof-t

Date Cita tion Page Title

06I26I2ll01 66 FR 33903 EolW'lgered and Threatened Wildlife and f>lam,· Establ!shmenl of a NonoSSMbal Fmenrnental PoPl.Y1!!:l!l
33911 ol~~a'lernUoiIeilS~les

0112111 991 62 FR 38932 EIWe:.~srgr)illo..b..Y!'tlooPm Jirilr>e .of IfIe Rm.-~u'1til.!!!lJll. ElCpOIJme.'1Ui1!.l'l~s.Rt!.lii!
J8939 ancuo~en'IO\Ie.WtlOo~ Craroe CRA I .HablUltj)e$ig')ilIlQ!J:s~OtJIKllJI

02.«w'1996 6 1 FR 4394 ~POsa~'14Ile b.Whllo~er.neulfjtIe_~:t~IO.I.IL~OO>e!1tillliQ!1e:~!1W1
4401 lfll1JQ..Re~w>g Crane Cnticallialliti1..DeSislr;a~1IOf'I

Recovery Summary

Curre nt Recovery Plan(s)

Plan Date Title Plan Stat us I
0512912001 Whooping Cra~ fl.ecovery Pla ~..£i~_i1 '-Ih-,rdRevisio" Final Revision 3 I

Other Recovery Documents

Doc Date Cita tion Pag e

0512912001 12 FR 29544

01f11!2005 10 FR 1902
' 903

Tltte

Nollce of Availability alb Re'/lse<l Recovert f>!aO lor the Whooping

<nMIGIVU~jl~OO

~~ViIilab~tlRevisedBewye.!¥.&l!lli!U!le

'Ml9oP"'Il Crane tGrvsame.-.;an;,}

Critical Habitat

Document Type

o Nobce Fina l Recovery Plan
Availabiloty

o Nobce Draft Recovery Plan
Ava .ability

toe

Current Critical Habitat Documents

Dat e

0511511918

VIewAll.CritiC lI1Hllblfal Oocumenl$

Cita tiQn Page Title Document Type

43 FR 20938 20942 Detean ioallOo of Crogl Habita t for lbo Whoool!lg Crane Final RUle

To leam more about cribeal hllbitat pleas e see hl lJi;tlcribcalhabililLtw:sgov

10 12'

Conservation Plans

SafeJ:j~Lb.QL1\g reements ( SHA) :

No Safe Harbor Ag reemen l a ulal IrK th e Whooping c",no .

CandidateCc nservatlcn Agreements (CCA) :

No Cand id ate Co nse rv at ion Ag reemenls ex isllor the Whooping erane.

hnp:/Iecos.fws.gov/spcciesProfilclSpeciesReport.do?spcode=B003 1111 2/2007
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Candidate Conservation_Agr:~ements_with.p..ssurances (CCAA);

No Cand idllte Con servation ""ntements with Ass uranees exist for lhe Whooping erane .

IQf

Petitions

No petition finding s have been publi shed for the Whooping eran e .

IDE'

Other Resources

Nalu!'eServe Exp!Q[!:£..Speciet..Re.J1QlU - NalureServe Explorer is a source lor authorita live conserva tion informal'on on more than
50.000 ptants. animals and ecologica l communljties of the U.S and Cana da. Nature$e rve Expiorer provides in-<leplh information on rare
and endang ered species . but includes common plants and animals too. NatureServe Explorer is a product 01NatureServe in
coaabcraton wilh lhe Natural Heritage Network.

ITlS Reports - rns (the Integrated Taxoroonuc "'formation System ) is a source lor authontative taxonomic information on plants .
animals. fung i. and microbe s of North Amenca and the warfel .

101"

I f COS HOME ' FWS O~clillmer I f COS OlScla,mer' FWS HomeDaoe ' Con tKt f COS I

hnp://ecos.fws.gov/spcciesProfile/SpecicsReport.do?spcode=B003 11/1 212007
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Species Profile: Brown pelican (Pelecanus occidentalis)

IU.S. Fish & Wildlife Servi ce

Usting Information

Primary U.bng Sta tu.

Eneangered (e_cept u .s. Allanbc coast, FL Al)

Taxonomy

King dom Class Ortie r Family

Mimalia A...eli Ciconiiformes Peleca..clae

Critical Hab itatRegulatory Status

PartnersfCoastal

Recovery

Other Resources

Conservation Plans Pet it ions

Overview
General Information: The adult brow n pehcan is a large dark gray-brow n
water bird with whil e aboutme head and neck. immafures are gray-brown
above and on the neck. with white underparts . Although the Caribbean
subspecies resemble s the eastern subspecies, the Caribbean brown pelican
has a darker non-breeding plumage above the surface. The Caribbea n
pe!lClln usually also has a darker unde~urface plumage during breeding
than does the eastem brown pelican. Both subspecies can reach up to 8
pounds and larger ind Md uals have wing spruds otover 11eel

The FWS is currently monitonng the folowong populabons of the Brown...~"
U.S. Atlantie COlIS!, f L, AL (Deli.led Tn o n, R&eov ered )

Sl3teSltlS Terri rones itlllrlJieh lhis popula tion is
kn own 10 eee ....: Alabama . fk:lrida

Fo# man information, pIe..e see:
!!-ttplle<:m·1w\goyl~!!eJ!,s~$>'B02L...1'\tml

Ent ire, ncept U.S. Atlantic coasl, fl, Al (Endangered)
StateslllS Territories in which Ih is popvlation is
known to occur: Califom;a • Louisia na. Mississippi ,
Orego n . Puerto Rico . TeK" , Virg,n Islands ,
Wash ington

USFWS Refuges In which th is population ;s/rnown to
oc cur: ARANSAS NATIONAl WILDLIFE REFUGE ,
BANDON MARSH NATIONAl WILDLIFE REFUGE .
BAYOU SAUVAGE NATIONAl WILDLIFE REfUGE .
BIG BOGGY NATIONAl WilDliFE REFUGE . BIG
BRANCH MARSH NATIONAl WILDl iFE REFUG E .
BILLWILLIAMS RIVER NATIONAl WILDl iFE
REFUGE , BRETON NATIONAl WILDliFE REfUGE ,
CIBOlA NATIONAl WLDlIFE REFUGE. CUlEBRA
NATIONALWILDLIFE REFUGE . DELTA NATIONAl
WIlDLI FE REFUGE . DON EDWARDS SAN
FRANCISCO BAY NATIONAl WLDl..IFE REFUGE .
FARAI..l.ON NATIONAl WllDL IFE REFUGE . GRAYS
HARBOR NATIONAl WIlDl..lfE REfUGE . GREEN
CAY NATIONAl WILDLIFE REFUGE , GUAOALUPE
NIPOMO DUNES NATIONAl WIlDl..IFE REFUG E ,
HAVASU NATIONAl WLDlIFE REFUGE . IMPERIAl
NATIONAl Wu..DlIFE REFUGE • LAGUNAATASCOSA
NATIONAl.WILDlIFE REFUGE , LOWER RIO GRANDE
VAllEY NATIONALWLDlIFE REFOOE . OR EGON
ISLANDS NATIONAl WIlDliFE REFUGE . SAN
BERNARD NATIONAl Wll Dl..lfE REFUGE , SAN
PABLO BAY NATIONAl WILDLIFE REFUGE . SANDY
POINT NATIONAl WILDliFE REFUGE . SANTA ANA
NATIONAl WILDliFE REFUGE . SEAL BEACH
NATIONAl WILDlIFE REFUGE . SHELL KEYS
NATIONAl WILDl IFE REFUGE . SILETZ BAY
NATIONALWILDlIFEREFUGE. SONNY BONO
SAlTON SEA NATIONAL WILDLIFE REFUGE , THREE

http://ccos.fws.gov/specicsProfilclSpeciesReport.do?spcodc=B02L 11 /1 212007
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Current Usting Statuses

Page 2 of 4

ARCH ROCKS NATIONAL WILDliFE REFUGE ,
TIJUANA SLOUGH NATIONAL WilDliFE REFUGE ,
WlUAPA NATIONAl WLDlIFE REFUGE

Countries in whi{;h this pofWl.,ion i ' known to
oc{;ur. Canada

For more i n'orm,, 'ion, p lease see:
!!t1PJlecos.tN$.g~oC$llif,_h lstone~'B02l.Jljl11l

Enti .. U.S., except Athlntic:"net Gulf COIlS' still es , PR, U.S. VI
(Stll tus Und.fined)

For more inrorm" 'iOll , please sn:
bltgJi~I~""'UIQvldoc&ll "eJl,s\~s.'50ZL.ht1"!l !

l ouiai. na po pu lll ' ion (Under Review in the C.nd idate o r
Peti tion PllKessl

For~ in fonrl"tiOll, pleas. sn:
~t:wt,.QQYie.nda..l"Igllflld[Mat!2's.hlmI

Listing Status/Regu latory Documents

Wh... Listed

except U.S. Atla ntJe coasL F1... Al

U.S. Atlantic coast, Fl , AL

Louisiana

Status

Dehsted Ta~on , Recovered

Under Review in tile Cand idate or Petition
Process

listing
D.~

~2I1970

0610211970

Lelld Reg ion

CalifomoalNevadil
R..~
Southea st Reg,on

PaCifIC: Region

e~cept Atlantic and Gulf Coast states, PR, US.
VI Status Undefined

Most Recent Regulatory Documents

Southeast Region

U.S, Atlantic coas t. FL. Al

U,S. Atlanbc coast. FL, At

Cita tion
p...

02lO4I1965 50 FR 4938

""5
11/10/198348 FR 51736

51741

excect U,S. Atlantic coasl, FL. AL 1011311970 35 FR 16047"0'"
e~cept U,S. Atlan\IC: coast. F1... Al 0713011970 ~;2~ 12222

except U.S. AtlantJecoast. FL At 0&U2I1970 ~:eR 8491

Title

~<t1QLfl~[g!U1.So'N5lem US IromLiJLoLEl'!Clang~~t'ICI

Ihr.eate~Ii!'.:JiO.£B..1!1~

~I to Remove Brown PeJicac in Southeas tern US from L'sl of
Endangered .a!'ld J)lrealeneq.wiJdlife; 4ij..f.R ,51Z36.,51141
Apw'ldiJl.D.: .Unile<l SliIle$_Usl.pf E!'Idan~red N~\ive Eish_and Wildlife: 35
fR16.Q4l.J6048
Notice of Proposed Rulemaking (Conservation of Endaflge recl Spec;esancl
Other Fish Of W'kllife): 35 FR 12222 12225

EI!1.1L:.Co!lMMll~angerK.S~_Ot~----'MIlnI!e

(EUt Lis! of EnQangered fomtgc f IShand WiIdlU as ADoend i( A)

http://ecos.fws. gov/speciesProfilc/SpeciesReport.do?spcod~B02L 11/1212007
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Recovery Summary

Current Recovery Plan(s)

P~n Date Title P~n Stltus

1M 4I198Ei BrownPeb n Rec:overy Plan (Puerto RicoNorgin Islands.Pofl.) Fl'l il l

OW3I1983 Califomul BrownPelican Reco\lel)' Plan fnal

Other Recovery Doc uments

Page 3 of 4

05l24J2006 7t FR 29908 9O,.o'llindi!!g-'~f'---.iLPe litiQrt.IQ.QIl!J:;L.tt>e..Cautocoil .B~c3t'La~
29910 lniJjallOO01 a 5-YeiitReyiew to!the Brown pelicao

0210411985 50 FR 4938
4945

11/10/1 983 48 FR 51736
51741

Five Year Review

Title

RemO.val .o{BrOWrj ,Pelfcan.irt$o:eaStem .US from LisCO!E.ndan,gered III'ld
lhreatened Wildl;fe.:...50.£RA9.3lH945
?10POsallo.Remo~ BrownJ:'.ehcan InSoullleaslerr).USJromJ.isl of
!;ndan,gerel;! and-It\realenel1Wi!dIifG':'"48.£B..51Z36·.51M1

Document Type

• Notice 5-year ReVIeW.
Inrtlllbon
• Not ice 9Q-day Pelrtiorl
Finding. Substantial

• Final Oll l;sting. Recovered

• Proposed O6I;slin9 .
Recovered

Date Tlt l.

OW7I2007 B!:Q;'l·!L&.IlCi!~YGlLB.e.VIeW

Cri t ica l Habitat

No critical habitat ru in have been published for the Brown pellean.

Co nservat io n Plans

Habitat Conservat ion e.lans (HCP):
HCP Plan Summaries HCP Pi lln OlX'uments

Colli, Dep!...olCo r:recl'ons..S\alew,de Electl'if,ed.feroce.Proje<;j N/A

Mt1CE'-Cj~LCar1sba d t-tatlitatManalle[lle'l1£lan N/A

MS.CE'...CijyoLC!Jula.YJslI.Sub;lrUl'Ian N/A

MSCE'..--Cjty .01La)Aea Subared'ja o N/A.

MSCP~ at.P.:ov..-ilY Subollru ..f'lan N/A.

MSCP- CilY..O!---.S.1ll..tJ;ogo.Sl.IDll...rea.Ba1! N/A.

MSGE'-Cou!!lY.otSan.Q!oga SUN",,---etan N/A.

Sa'l-D1llSlO--Gu _&.£!o.ctrlC NJA.

Safe Harber Agreements (SHA):

10"

SHA.PI.n Summaries SHA.Plan DlX'uments

Candidate_Conservation Agreements (CCA) :

NOCandidate Conservation Ag....m. nt s tIXlst for the Brown pelle an.

http://ecos.fws.gov/specicsProfilc/SpeciesReport.do?spcode=B02 L 11 /1 2/2007
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Candldate_ConseQ'ation Ag(eements_with__Assurances.(C.CM);

No Candidate Cons . .....ti on Ag....m. nts with Assura nce s nlst fo r th e Brown pel ica n.

roe

Petitions

Most Recent Petition Findings

Oat. Citatio n Page Titl e Finding

• Notice 5-yea' Review,
0512412006 71 FR 29908 9O.,OIJ:£inl1L~eli1!on.ll...Oeh'-lthe__Californ 'a.6.rown...EellC<l!t anc;! Initiation

29''' ' lnibalto o or a 5-Y ear Review for Iho..5mwo Pelican • NotICe9O-day Pelition
Finding, Subslanbal

roe

Other Resources

~reSerye Explorer SpeCIeSRe~ - Nature5_ Ex pk)rer is a source '0' aulhoritalive conservation inIormatoon on more than 50,000
plants , animals and ecological comm ....bties of the u .s and Canada _NatureSer.oeExpklre r provides in-depth informatIOn on rare and
enda"9ered species. but includes common plants and animals too. Na tureServe Expk)rer is a product of NatureSer.oein colla boration wiltl
lhe Natu-a l Herita ge Networt<_

~~ - rns (1tMt lntegra le<l Ta_onom ie~bon Syslern ) is. source torauthoritiltive taxonomoc inIormabon on plants , arwnals,
fungi. and microbes of North Amenca and ItMt world .

lOf'

I ecos HOME I FWS D~da,m.r I ecos Oist;hll merl FWS Homepaoe I eontat;t ec cs I

http ://ecos .fws.gov/spcciesProfilclSpcci esReport.do?spcodc~B02L 11 112/2007
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Species Profile: Piping Plover (Charadrius melodus)

U sting Information

Primary Lis ting Status

Endangered (Greal Lakes watershed)

Partners/CoastalPeti tionsConservation Plans

Taxonomy

Kingdom Class Orde r Fami ly

Animalia Aves Ciconiilormes Charadriidae

Critical HabitatRecoveryRegulatory Status

Other Resources

IU.S. Fish & Wildlife Service

Overview
Genera/Information: Size: 18 ern (7.25 in) in length. Color: Breeding
season: Pale brown above . lighter below: black band across forehead ; bill
orange with black tip; legs orange; White rump. Male: Complete or
incomplete black band encircles the body at the breast. Female: Paler head
band: incomplete breast band. Winter coloration: Bill black: all birds tack
breas t band and head band.

The FWS is wrrently monito ring the to llowing populations of the Pipirlg
Plover

ereet i.e eee watershed tn States of l l , IN, MI. MN. NY, OH, PA.
iilrld Wt arld Canada (Ont.) (End angered)

S,ate$l/)S Terri'ories in whiCh rhi s population is
known to occur: Illinois . Irldiarla , MiCh>gan ,
Minnesota . New Yom . Ohio , Pennsylvania . Wisconsin

USFWS Refuges in which this population Is known to
occur: AMAGANSETI NATIONAl WILOLIFE REFUGE ,
ELIZABETH ALEXANDRA MORTON NATIONAL
WILDLtFE REFUGE , FERGUS FALLS WETlAND
MANAGEMENT DISTRICT . MORRIS WETLAND
MANAGEMENT DISTRICT , TARGET ROCK NATIONAL
WILDLIFE REFUGE

Countries in which fhis populalirm is known to occur:
Canada

For mare in{onnation , please see:
!:'_ltp _;{feCOS ,!wi,govf(locsn~ELhistones!B0.l9,.mml

Enli ra, except mcse areas where listed as endangered above
(Threatened)

State$l/)S Territories in which this populatirm is
known to occur: Alabama , Colorado , Connecticut .
Delaware , Florida , Georgia , Indiana , Iowa . Kansas ,
Kentucky . Louisiana . Maine . Maryland ,
Massachusetts , Minnesota . Mississippi . Missouri .
Montana , Nebraska , New Hampshire , New Jersey ,
New Yom , North Carolina , North Dakota , Ohio .
Oklahoma . Puerto Rico . Rhode Island , South Carolina ,
South Dakota , Texas , Virginia , WisconSin

USFWS Refuges in which this population is known to
occur: ANAHUAC NATIONAl WILDliFE REFUGE .
ARANSAS NATIONAL WILDLIFE REFUGE ,
ARRDV"IWDOD NATIONAL WILDliFE REFUGE ,
AUDUBO N NATIONAL WILDliFE REFUGE . AUDUBON
WETlAND MANAGEMENT DISTRICT , BACK BAY
NATIONAL WILDliFE REFUGE , BAYOU SAUVAGE
NATIONAL WILDliFE REFUGE , BENTON LAKE
NATIONAL WILDliFE REFUGE , BIG BOGGY
NATIONAL WILDliFE REFUGE , BIG BRANCH MARSH

http ://ecos.fws.gov/speciesProfile/SpeciesReport.do?spcode=8079 11 /12/2007
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NATIONAl WI-DLIFE REFUGE . BlACKBEARD
ISlAND NATIONAL WILDLIFE REFUGE . BON
SECOUR NATIONAL WILDLIFE REFUGE . BOWOOIN
NATIONAL WLDLIFE REFUGE . BRAZORIA
NATIONAL WI-DLIFE REFUGE . BRETON NATIONAl
WILDLIFE REFUGE. BUFFAlO LAKE N T1QNAl
WILDLIFE REFUGE . CAPE ROMAIN N TIONAL.
WIlDLIFE REFUGE . CEDAR ISlAND NATIONAl
WIlDLIFE REFUGE . CEDAR KEYS NAT1ONA.L
Wl..DlIFE REFUGE. CH.'.RLES M. RUSSEll
N.....TIONAL WI-DLIFE REFUGE . CHASE LA.KE
PRAJRlE PROJECT WETlAND UAN.....GEMENT
DISTRICT . CH INCOTEAGUE N.....TlONAl WILDLIFE
REFUGE . CLARENCE CANNON N TlONAL WILDLIFE
REFUGE . COTTONWOOD LAKE N TIONAL WILDLIFE
REFUGE . CROSBY WETlAND MAN GEMENT
DISTRICT . CURRITUCK N.....TIONAL WILDLI FE
REFUGE . DELT..... N.....TIONAL WILDLIFE REFUGE .
DESOTO N.....TIONAL WILDLIFE REFUGE . DEVILS
LAKE WETlA.N D MAN.....GEMENT DISTRICT . EDWIN B.
FORSYTHE N.....TlON.....L WILDLIFE REFUGE .
FISHERM.....N ISLAND N.....TION.....L WILDLIFE REFUGE .
HAGERM AN N.....TIONAL WILDLIFE REFUGE . HOBE
SOUND NATIO NAL WILDLIFE REFUGE .
HUTCHINSON LAKE NATIONAL WILDLIFE REFUGE .
IOWA WETLAN D MANAGEME NT DISTRiCT . J. CLARK
SALYER NATIONAL WILDLIFE REFUGE . J. CLARK
SAlYER WETlAND MANAGEMENT DISTRICT . KULM
WETlAND MAN .....GEMENT DISTRICT , LACREEK
NATIONAL WI-DLIFE REFUGE , LAGUNA ATASCOSA
NATIONAL WI-DLIFE REFUGE • LAKE ALICE
NATIONAL WI-DLIFE REFUGE , LAKE 110 NATIONAL
WILDLIFE REFUGE , lAKE NETTIE NATIONAL
WILDLifE REFUGE , LONG LA.KE NATIONAl..
WI-OLJFE REFUGE . LONG LA.KE WETlAND
MANAGEMEN T DISTRICT . LOSTWOOO NATIONAL
WILDLIFE REFUGE , LOSTWOOO WETLAND
MANAGEMENT DISTRICT . LOWER RIO GRANDE
VAllEY NATIONAL WILDLIFE REFUGE . LOWER
SlM'ANNEE NATIONAL WILDLIFE REFUGE , MARAIS
DES CYGNES NATIONAL WILDL IFE REFUGE .
MASHPEE NATIONAL WILDLIFE REFUGE .
t.4CFAODINNATIONAL WILDLIFE REFUGE .
MEDICINE LAKE NATIONAL WILDLIFE REFUGE .
MERRm ISlAND NATION AL WILDLIFE REFUGE ,
MCNOMCY N.....TlONAl WILDLIFE REFUGE ,
NANTUCKET NATIONAl WILDLIFE REFUGE .
NINIGRET NATIONAl WILDLIFE REFUGE . PARKER
RIVER NATIONAL WILDLIFE REf UGE . PEA ISLAND
NATIONAL WILDLIFE REFUGE . PINCKNEY ISLAND
NATIONAL WILDLIFE REFUGE , POND ISLAND
NATIONAL WILDLIFE REFUGE . a UIVIRA NATlONAL
WILDLIFE REFUGE , RACHEL C.....RSON NATIONAL
WILDLIFE REFUGE , RAINWATER BASIN WETLAND
MANAGEMENT DISTRICT . SACHUEST POINT
NATIONAL WILDLIFE REFUGE , SAN BERN.....RO
N.....TlONAl WILDLIFE REFUGE . SAND LAKE
NATIONAL W ILDLIFE REFUGE . SAND LAKE
WETlAND MANAGEMENT DISTRICT . SANTA ANA
N.....TlONAl WILDLIFE REFUGE . SHEll KEYS
NATIONAl WI-DlIFE REFOOE . ST. MARKS
NATIO NAL WILDLIFE REFUGE . ST. VINCENT
NATIONAl WILDLIFE REFUGE . TEXAS POINT
NATIONAL WILDLIFE REFUGE . TISHOMINGO
NATIONAl WLDLIFE REFUGE . TRINITY RIVER
NATIONAL WLDLIFE REFUGE . TRUSTOM POND
NATIONAL WI-DLIFE REFUGE . TYBEE NATIONAl
WILDliFE REFUGE . UPPER SOURIS NATIONAL
WILDLIFE REFUGE . w.....CCAMAW NATIONAl...
WILDLIFE REFUGE , WASSAW NATIONAl WILDLIFE
REFUGE . WIlLClNLAKE NATIONAL. WILDLIFE
REFUGE . WINTE RING RIVER N.....TIQNA1.. WLDLIFE
REFUGE . WOLF ISLAND NATIONAL WILDLIFE
REFUGE

Countries in whieh !hIs popul~fjon Is known '0
occur: Canada , Me~lCO

For more in/anna tlon . p1I1U IIs ell:
tl,1\&l;JJ.eeos.fws..govldokSlIrtf:..b!stone:sl6QI9.hImJ

http://ecos.fws.gov/speciesProfile/SpeciesReport.do?spcode=B079 11 /12/2007
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Listing StatuslRegulatory Documents

Current Listing Statuse s

Whe re llaled Sta lua llating Dale Lead Reg ion

Great Lakes wa te rshed Endangered 12111/1985 Great Lakes -Big Rivers Reg ion

e xce pt Glllat Lakes watershed Thlllatened 12111/1985 Northeast Re gion

Most Recent Regulatory Documen ts

Page 3 of 5

WhIo... lisled

e ltOep! Great Lakes watershed

Grea t lakes wate rshed

except Gllla tlakes wa ters he d

.lIie w AI'-Regulatory Documenl$

Oal. Citation Pa~

12/1111985 50 FR 50726
50'><

1211 111985 50 FR 50726
50'><

1110811984 49 FR 44712
44715

11,u8J1984 49FR44712
44715

,...
Determnatoon d Enda~ and Threatened Status tor Plpng Plover, 50
FR 50726-50734

Determination d Endangered and Threate ned Sta tus for PIPIng PloYer, 50
FR 5072&-50734

Piping Plove r ProPO$ed 8$ Enda ngered and Thfeat_d Species: 49 FR
44712- 447 15

Piping Plover Proposed as Endangered and Thllla te"lld Species : 49 FR
44712· 44115

TOP

Curre nt Recovery Plan(s}

Plion Oal. Title

Recovery Summary

Plion Slah.s

09I16J2003 RocoYaQ'2!anJor.tno.Grea t Lakes..QOW!allOn.Of~!'Ig aollO~ Final

0510211996 P1P1"g.~ver At1 a.nII(;Coast PoPl,lJallOn .Rel'is\ld Recovory ~[! Final Revision 1

Other Recovery Documents

Doc Dal. Cllalio n
Paga

50 ' .
09/161200354241

54242

67FR
0&U5I20ll2 50681.....

50 ' .
12I28l2OO1 67165

67 166

os ,.
09119/2000 56530

565 31

65 FR
0813012000 52691

52692

Titla

No\lCO o{}.vWbiltt 0lU'!e ~vttlCba.<:iII~u$) .G~at lakes
Eo""'i<lbOnDrIIItF~~ .,r'l<LCQm'11e:nt

~pe[ljng ..ofCo_'!I.J)'le~. lll'1l!..J\lotICI:~t"",,'!aQi!ID: gLDr31'\ E CQ.nom~Arla~~

on P[QIlQ~ed Cnl.icllLtta~laL~$ig"atkl,,-'or_the.J;;reaLl.ake$B,"dlng populatioQof
tb~.E!PjJ'lg .~lovor

E)<te.ns.iQr\ot ~ubJic .CO!llm e:!1Lf>ttDtld and No ti~..ol AyailabilitY ..at Dfal'\.ECO~Q!TIi~

s.nj.lysiUor.EroPOsedJ::ril;~lttabita1Delorm lnlllion!QL'f{lDlerj~jp~ .E'.!ove~

Ooc umenl Type

• NoIICII Final Recovery
Plan Availability

a Nolite Dral'\Recovery
Plan Avaiability

a Nola Doe. Avaiabltity

• Nobce Reopen
Commenl
a ProPO$ed Cntical
Habllat , Cntical habltat
On"
a NolICII Doc. Availabihty
• Nctee Reopen
Comme nt

• Notice Doc. Ava ilability
• Notice Reopen
Commant

lOP

http ://eeo s.fWs.gov/speeiesProfi1e/SpeeiesReport .do?spcode:oB079 11/1212007



Species Profile

Cr itical Habitat

Current Critical Habitat Documen ts

Page 4 of5

TitleDate

09/1112002

OS107I2001

View All Critical !'lab/tat Documents

Citation
Page

67 FR 57637 Em:langerectanl;t1lJI\late.lJed..W:HQlJelinctEJ<lnts~Oe:SlglJ;lIIO!LQLC!!liC<l1
sn17 tl OibilOlUOtl1w_Nor;U1ern...Greli l p la' flS Breeding ,eopulallOllo!.the ,P IP'%l

PloveC Final Rule

66 FB 22938 ETWP' Final DelellTl ination of Cril>call-jabjla,UoL1!le_GreaLLakes
22969 B:ree<;l i[lg E.opvlatiO!LQLlh.el'ipin--9--P~veJ

Doc ument
Type

Final Rule

Final Rule

To learn more about critical habitat piease see htlp ;l!criticalhabita!Jws,gQv

Conservat ion Pla ns

Habi tat Con~~rvation Plans 'HC~;

HCP Plan Sum ma ries HCP Plan Documents

MagiC_CafPel WQOds,bSsoClatiol] N/A

E',pi!!gflQ.y-'~tl::!ce1S1al!1!.._Q.LMas$ach.useU$} N/A

Y:Plusia eeecree N/A

Safe HarbQ,r Agreements-fSfiA):

No Safe Harbor Agreements exist for the Piping Plover.

CJind idate_Conservation Agreements (CCA):

No Candidate Conservation Agreements exist for the Piping Plover.

No Candidate Conservation Agreements with Assurances exisl lor the Pip ing Plover.

Petitions

No petition findings have been publ ished for the Pip ing Plover.

Other Resources

IOf'

IQl'

NatureServe Explorer_$pac ilJ;SBePQ!1$ - NalureServe Explorer is a source fo r authoritative conservation mtcrm eucn on more than 50.000
plants, animals and ecological communtihes of the U,S and Canada , Natu reServe Explorer prov ides in-depth information on rare and
endangered species , but includes common plants and animals too. NatureServe Explorer is a product of NatureServe in collabo ration with the
Natural Heritage Network.

http://ecos.fws.go v/speciesProfile/SpeciesReport. do?spcode=B079 I JII2/2007
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Species Profile: Eskim o curlew (Numen ius b orealis)

1us. Fish & Wil d life Service

Listing Information

Pri mary lIall ng Status

Efl(la f"9l!red

Taxonomy

Kingdom Clan Order Fami ly

Anlmafia Aves Ciconiiformes Scolopacidae

Critical HabitatRegulatory Status

Partners/Coastal

Recovery

Other Resources

Ov erview

Conservation Plans Petitions

Gener~/ lnform.. ti on : The Eskimo cur1ew. Numenius boreens Fo~ter is a
medivm-sized shOlebird (abo...t 30 em long) with a slender , slightly
downcurved bill : dar!<, crown and rather mdistinctpale crownslripe:
cinnamon tone above wil/'lwho~ underp arts washe d cinnamon; heavy v
shaped black ma r1<s and bamng on breast and flanks; UnOefWlflgS and
ad lanes blight cinnamon Wlttl brown barrings ; and legs b1uish"9rttvWIth
reticulated scales posterlor1y.

Sgre&ltlS Te«II~a In which Ihe Esk im o curtrM is /llIO"'n to O«~
Alaska • Kansa s . ldontanl • Nebraska . NOIttlDakota . Oktal'lOnUl • South
Dakota . Texas

USFWS Refuges In which the ESllimo curlew Is /ln own to occur.
LOWER RIO GRA NDE VALLEY NATIONAL WILDLIFE REFUGE

Counlries In ....h ich the Es /llmo curlew I. /lno....n 10 occur: Canada

FaTmonr information , ple. se see:

listing Status/Regulatory Documents

Cur rent listi ng Sialua: Endangered

Date listed : Ma reh 11,1967

Le. d Region : Alask a Reilion (Reg ion 7)

Most Recent Regulatory Documents

Q6,1J2J19 70

04/ 14/1970

03/1111967

Dale
Citation

Page

35 FR 8491

8<"
35 FR 6069

32 FR 4001

Tille

Pa!1J~ry'1!Qn_Qf..fn!;I.M9.eiN.spe...es---.J~ Ot!'ceI.fuh----'!!:

W'ldli1UE...~!-o{ E[l(la~.rM.f2reig!l....Eilh.-a&W~ldl ~~_~~

~kAl

Notice of Proposed Rulemaki nll (Endangere d Species Conservation):
35 FR 6069

E n(jll (llleJ:~ d.Jl,pet,uJ.is~Z

Recovery Summary

http ://ecos.fws.gov/speciesProfile/Spee;esReport.do 'Zspcode«8 0 1A 1111 212007
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roe

Crit ical Habitat

No erltlcal ha bitat ru les have been pu bl ished for the Esk im o eurlew.

rOE

Conservation Plans

Habitat ~onserv~tion Plans (HC~

No Habitat Con....... tion Pl.lns "'iS1 for u-.. Eakimo eurt.ew .

SafeJjarbo[j\g~ements_(SHA):

No Safe Harbor Agree ments , xi.t l or Ihll E. kimo C: UrlIl W.

Candi.date_Conservation-.Agreements_(CCA);

NOC.ndidate eon.ervilltion Agreements ",i.t for the ESk.imO c:unew.

Candidate_Conservation Ag(!~ements_with Assuran ces (C.CAA):

No Candi date Con.erv ation Agreements wi th Auuranee s ellis t for the Eskimo curle w.

IQ!'

Petiti ons

No peti tion fin d ings have tieen publ ished for the Esk imo eurl ew .

IOE

Other Resources

~turJlSerye Explorer Specle~ - NatureServe Explo rer is a &OUf'Ce lor aulhorillltiYe l:CItlS8fVabon inlorm abon on
more than 50.000 plants . animals and eeoIogic.a1tommuntities of the U.S and Canada. NatureServe Explore r provides
in-depth informabon on rare and endangered speeies. but includes common plants and a", rnal$ 100.NatureS_
Explorer is a produc:lof NatureServe in collaborahon with the Natural Hentage Network.

Ins Reports - ITIS (the Integrated Taxonomic:Information Sy stem) is a source for authoritabve taxonom t<: informabon
on plants. animals. fung i. and mic:tobes of North Americ:aand the world .

Ioe
I EeOS HOME I FWS Ol5c:la'mer I EeOS OISc:I"mer I FWS Homepag e t eontillet EeOS I

hUp:/1ecos.fws.gOYIspedesProfile/SpecicsReport.do?spcode=B01A 11/12/2007
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Species Profile: Ocelot (Leopardus (=Felis) pardalis)

IU.S. Fish & Wildlife Service

Listing Information

Primary Listing Status

Endangered

Kingdom

Animalia

Taxonomy

Class Order Famil y

Mammalia Ca mivora Felidae

PetitionsConservation Plans

Genera/ In formation: Ground ccjccrs of the short
fur of the ccecr. varies from creamy, or lawny
yellow, to reddish grey and grey . The unders ide of
tI1ebody , fail, and insides of tI1e limbs is whit ish.
Ratt1er more blotched than spoiled , the chain- like
spots are bordered with black. Ocelots have both
solid and open dark spots Which sometimes f\jn In
uees along the body. The back of the ears is black
wil!l a cent ral yellowylwhite bane. Solid black spots
mark the head and limbs. There are two black
stripes on the cheeks and one or two transverse
bars on the insides of the forelegs. The tail is erther
ringed or marked wifh dark bars on its upper
SI,lrface. The eye sockets or orbils are incomplete
at the back, and the anterior upper premol ars are
present.

Critical HabitatRecovery

Other Resources

Overv iew

StateslUS Terri tories ;n which the Ocelot;s
known 10 occur: Arizona , Texas

Regulatory Status

Partners/Coastal

USFWS Refuges in which the Ocelot is Irno wn
to occur: LAGUNA ATASCOSA NATIONAL
WILDliFE REFUGE . LOWER RIO GRANDE
VALlEY NATIONAL WILDLIFE REFUGE . SANTA
ANA NATIONAL WILDLIFE REFUGE

Countries in which the Oce/ot;s kn ow n to
occur: Mexico

Listing Statu s/Regulatory Documents

Current Li sti ng Status: Endan gered

Date Li sted : Marc h 28, 1972

Lead Region : Southwest Reg ion (Reg ion 2)

Most Recent Regulatory Documen ts

07/21/1982

07125/1980

03130/1972

Dat e Cita tion Page

47 FR 31670
31672

45 FR 49844
49847

37 FR 6476

Titl e

EIW[>.;..EDd<loQered.StatV$JOLUS..EOl)Y!<Jt!QO..QLOJ;elp!

EIWP-;,EroP:Qsed_E.QO<J ngere<tSt<JtuS.1.9LU_S...EPpvlati91)$ 9J
Eiv~..S.pe:cie:$
!..ill.Q.l.f!1oaJ1.9ll!M£9Illi9.oBm..aOl:t..Wi!Q!if~.JplQl!.QSf;ld..liel2
I2~FR Z.S.!l9J

http://ecos.fws.gov/specicsProfilc/SpccicsRcport.do?spcode=A084 11112/2007
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~OP

Recovery Summary

Current Recovery Plan(s)

IcPltln OllIe . Tille Pla n SUllu' l
0812211990 L,!$te<lC8~~elfil:U3..~ FII"IilI

TIl!'

Criti cal Habitat

No critical hllbltlll rules hne been published fOf the Ocelot.

IOE'

Conservation Plans

HabltatCcnservation---.f!ansJHCe}:

No HlIbi181Conservlllion Pill ns exist fo r the Ocelot.

S;de Harbor Agreements (SHA):

II $HA Plan Sum maries SHA Plan Document s I
EnYlronment11 Defense SHA lor Ocelot N/A

Cal1didatELC_onservation Agreements-lCCA} ;

No ClInd id ll te Con serv atio n Agreements exist for the Ocelot.

Candidate_Conserv~'-tj o-" AgIeemeots_withAssural1ces (CCAA):

No ClIndidate Conserv atio n Agreements w ith Assurances ex ist for the Ocelot .

I OP

Petit ions

No pe tition findings have been publish ed~ th e Ocelot

TIl!'

Other Resources

Nal".,SeDlll: ~pIQr.,-Speoel;RePl!!:!S - NatureSefWI Explcw'erIS. SOU"Ce for .ulhorilat.... conserv.iIIbon IOJornabon on
more lhan 50.000 pIant$. animals and ecological comml.lOtrtie$ of the u.s and Canada . NatureSe<ve Explorer PtOy;o~

ift.Oepth informabOO 00 rare and endangered species. but inc:Iudel common plants and a_Is 100. Nal...-eServe
Exploret is a prod...c:l of NatureSefve in coIaborntion WIth the Natural Heotage NelwOfk.

http://ecos.fws.gov/speciesProfileiSpeciesReport.do?spcode:A084 1111 212007
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Hypopachus variolosus

       

Hypopachus variolosus

Sheep Frog

  
Photo credits 

●     Diagnostic Features: 
❍     Size: 1-1 1/2 inches 
❍     Color: 

■     Brown or olive green 
■     Thin yellow middorsal stripe 
■     Dark spots in mottled pattern may appear on dorsum 
■     Ventral surface is gray with possible mottling 
■     Thin white line down length of ventral surface that branches at the forelimbs 

❍     Other: 
■     Small, oval body with smooth skin 
■     Small head with pointed snout 
■     Fold of skin immediately behind eyes 
■     Hind feet are slightly webbed and each has TWO tubercles.

Compare to Gastrophryne olivacea and Gastrophryne carolinensis. 
❍     Sexual Dimorphism: 

■     Dark throat on males 

●     Natural History: 
❍     Habitat: 

This frog prefers subterranean burrows, such as those of pack rats. It burrows under 

http://www.zo.utexas.edu/research/txherps/frogs/hypopachus.variolosus.html (1 of 2)11/21/2007 8:27:31 AM

http://www.zo.utexas.edu/research/txherps/frogs/gastrophryne.olivacea.html
http://www.zo.utexas.edu/research/txherps/frogs/
http://www.zo.utexas.edu/research/txherps/frogs/scaphiopus.couchii.html
http://www.zo.utexas.edu/research/txherps/acknowl.html
http://www.zo.utexas.edu/research/txherps/frogs/gastrophryne.olivacea.html
http://www.zo.utexas.edu/research/txherps/frogs/gastrophryne.carolinensis.html


Hypopachus variolosus

fallen tree limbs and remains in these burrows for most of the year. 
❍     Behavior: 

It feeds mainly on ants and termites. It hides most of the year, but may emerge at 
night or with heavy rains. 

❍     Breeding: 
Breeding takes place from March to September with rain. Males call while floating in 
water with their forelimbs resting on a stem or twig. 

●     Range: 
❍     In North America, this frog is found from South Texas to Costa Rica. 
❍     In Texas, it is found in the extreme southern portion of the state.

This project funded by the University of Texas College of Natural Sciences and the Texas Memorial Museum. 

Last revised 11/25/98.
Comments welcome.
Texas Memorial Museum at UT Austin
Copyright 2000

http://www.zo.utexas.edu/research/txherps/frogs/hypopachus.variolosus.html (2 of 2)11/21/2007 8:27:31 AM

http://www.utexas.edu/cons/
http://www.utexas.edu/depts/tmm/
mailto:catfish@mail.utexas.edu
http://www.utexas.edu/depts/tmm/
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Notophthalmus meridionalis - Wikipedia, the free encyclopedia

Notophthalmus meridionalis

From Wikipedia, the free encyclopedia

Black-spotted Newt

Conservation status

Endangered

Scientific classification

Kingdom: Animalia

Phylum: Chordata

Class: Amphibia

Order: Caudata

Family: Salamandridae

Genus: Notophthalmus

Species: N. meridionalis

Subspecies: N. m. meridionalis

Binomial name

Notophthalmus meridionalis
Cope, 1880

Synonyms

Diemictylus meridionalis

Molge meridionalis

Triturus meridionalis

Triturus kallerti

Motophthalmus kallerti

The Black-spotted Newt (Notophthalmus meridionalis), or Texas Newt, is a species of aquatic 

http://en.wikipedia.org/wiki/Notophthalmus_meridionalis (1 of 3)11/21/2007 8:28:48 AM

• Find out more about navigating Wikipedia and finding information •

http://en.wikipedia.org/wiki/Conservation_status
http://en.wikipedia.org/wiki/Image:Status_iucn3.1_EN.svg
http://en.wikipedia.org/wiki/Endangered_species
http://en.wikipedia.org/wiki/Scientific_classification
http://en.wikipedia.org/wiki/Animal
http://en.wikipedia.org/wiki/Chordate
http://en.wikipedia.org/wiki/Amphibia
http://en.wikipedia.org/wiki/Caudata
http://en.wikipedia.org/wiki/Salamandridae
http://en.wikipedia.org/wiki/Notophthalmus
http://en.wikipedia.org/wiki/Binomial_nomenclature
http://en.wikipedia.org/wiki/Edward_Drinker_Cope
http://en.wikipedia.org/wiki/1880
http://en.wikipedia.org/wiki/Synonym_%28taxonomy%29
http://en.wikipedia.org/wiki/Species
http://en.wikipedia.org/wiki/Wikipedia:Basic_navigation


Notophthalmus meridionalis - Wikipedia, the free encyclopedia

newt native predominantly to Mexico: the states of Tamaulipas, Veracruz, San Luis Potosí and 

barely extending into northeastern Hidalgo and Puebla. It also ranges as far north as the United 

States, into the southern tip of Texas, along the Gulf of Mexico.

Contents

●     1 Description 
●     2 Behavior 
●     3 Conservation status 
●     4 References 

Description

The black-spotted newt can be anywhere between to 2 7/8-4 1/4" (7.1-11 cm), and is typically an 

olive green in color, with numerous black spots. The underside is often yellow in color, and which 

can sometimes extend up to the sides. They have smooth skin, and a paddle-shaped vertically 

flattened tail. They live in quite stretches of stream that are submerged in vegetation; permanent 

and temporary ponds and ditches.

Behavior

Black-spotted newts prefer shallow water habitats, heavy with vegetation. They are carnivorous, 

consuming a wide variety of prey, including insects, aquatic invertebrates, leeches, and other 

amphibians. They have a toxic skin secretion which is used to deter predators. Breeding occurs 

year round. The young do not go through an eft stage and when drought strikes are forced on to 

land.

Conservation status

The black-spotted newt is listed as a threatened species in the state of Texas. It lives on the coastal 

plain of southern Texas south into Mexico.

http://en.wikipedia.org/wiki/Notophthalmus_meridionalis (2 of 3)11/21/2007 8:28:48 AM

http://en.wikipedia.org/wiki/Newt
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Notophthalmus meridionalis - Wikipedia, the free encyclopedia

References

●     Flores-Villela et al (2004). Notophthalmus meridionalis. 2006 IUCN Red List of 
Threatened Species. IUCN 2006. Retrieved on 11 May 2006. Database entry includes a 
range map and justification for why this species is endangered 

●     Amphibian Species of the World: Notophthalmus meridionalis 
●     Herps of Texas: Notophthalmus meridionalis 
●     Ellen Trout Zoo: Black-spotted Newt 
●     National Audubon Society Field Guide to Reptiles and Amphibians 
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Notophthalmus meridionalis

       

Notophthalmus meridionalis

Black-spotted Newt

●     Diagnostic Features: 
❍     Size: 2 1/8 - 4 1/4 inches 
❍     Color: 

■     Olive green dorsum and orange ventral surface, both with large black spots 
■     Yellow stripes on back and blue-green coloration on sides may be present 

❍     Other: 
■     Smooth-skinned newt 
■     Relatively large head 
■     Elongate limbs 
■     Finned, vertically compressed tail 

●     Natural History: 
❍     Habitat: 

This newt prefers warm, shallow waters with vegetative cover, such as those in 
ponds, ditches, and swamps. 

❍     Behavior: 
It finds shelter among submerged rocks and feeds on insects, mollusks, leeches, and 
small amphibians. It has toxic secretions from skin glands to deter predators. 

❍     Breeding: 
Breeding peaks in the spring, but can occur all year. Females will lay up to 300 eggs 
and attach them to submerged vegetation in shallow waters. 

●     Range: 
❍     In North America, this newt is found in South Texas and adjacent Mexico. 
❍     In Texas, it is found along the coast of the southern portion of the state.
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Reddish Egret (Egretta rufescens)

Texas Status 
Threatened 

Description 

Reddish egrets grow to a height of 27 to 32 inches (68 to 82 cm), with a wingspan reaching 46 to 
49 inches (116 to 124 cm). Their distinguishing characteristics include two distinctly different 
color phases: a dark phase and a white phase. Reddish egrets in the dark phase are gray with a 
reddish head and neck feathers. They have bluish legs and a pink bill with a dark tip. In the white 
phase, these birds will have white feathers, bluish legs, a pink bill with dark tip, and long shaggy 
plumes on their heads and necks during breeding season. 

Life History 
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Reddish Egret (Egretta rufescens)

The reddish egret, a beautiful wading bird, is a permanent resident of the Texas coast. Although 
recognized as one species, reddish egrets may be either white (white phase) or gray with a 
reddish or rusty colored head and neck (dark phase). It is currently listed in Texas as a threatened 
species. Reddish egrets can live up to 12 years.

Reddish egrets reach sexual maturity at three to four years. Their mating season is from early 
March through late July. Their nests are made of sticks either on the ground or in a bush or tree 
up to 20 feet (6 m) high. In Texas, nests are built mostly on the ground near a bush or prickly 
pear cactus or on an oyster shell beach. The nest may be up to 10 inches (25.4 cm) thick with a 
diameter of 12 to 26 inches (30 to 66 cm). Both parents build the nest, and sticks are continuously 
added to the nest during incubation. The length of their incubation period is unknown, but 
estimated to be 25-26 days. Reddish egrets sometimes nest alongside other birds such as herons, 
egrets, cormorants and spoonbills. Their predators include raccoons, coyotes and great-tailed 
grackles, which destroy their eggs and eat the young birds. 

Nests usually contain three to four, smooth, pale blue-green eggs with no markings. Two dark 
phase birds can have white phase chicks, but two white phase birds can never have dark phase 
chicks. When a dark phase bird and a white phase bird mate, their chicks are almost always dark 
phase. The white phase of the reddish egret was once thought to be a completely different 
species. In Texas, only 10 to 20 percent of the reddish egret population is white phase. In the 
1950s, just four percent of the whole United States' population was white phase. 

The reddish egret is crepuscular (it is most active at dawn and dusk). When feeding, reddish 
egrets will spread their wings to create shade and reduce glare so that they can see their prey 
more easily in the water. Small fish, frogs, tadpoles and crustaceans make up most of their diet. 
When chasing fish, they also run in circles. Reddish egrets use their long, spear-like bills to stab 
their prey. After feeding, reddish egrets regurgitate all the inedible parts of their prey, such as 
bones, much like owls do. Parents feed their young by regurgitating into the chicks' mouths. 

Habitat 

Reddish egrets are most often found in salt and brackish water wetlands. 

Distribution 

The reddish egret can be found along the Gulf Coast of Texas and some parts of Louisiana and 
southern Florida. It is rare along the Gulf Coast of Mexico, West Indies and Baja California. 

Other 

Until the late 1800s, reddish egrets were hunted for their feathers, which were used to decorate 
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Reddish Egret (Egretta rufescens)

ladies' hats and clothing. The entire United States population of reddish egrets was nearly 
exterminated by hunters. The reddish egret completely disappeared from Florida. In 1918, the 
Migratory Bird Treaty Act was passed, finally protecting reddish egrets and other birds from 
plumage hunters. Although their populations are still recovering, it is a slow process. There are 
only 1,500 to 2,000 nesting pairs of reddish egrets in the United States - and most of these are in 
Texas. Intrusion of habitat by recreationists, pesticide runoff and land development all harm the 
reddish egret's habitat. 
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Home  Kingdom Animalia  Phylum Chordata  Subphylum Vertebrata  Class Aves  Order 
Ciconiiformes  Family Ciconiidae  Species Mycteria americana 

Mycteria americana
wood stork

Information Pictures Classification 

2007/11/19 05:48:31.705 US/Eastern 

By Sean Carroll

Kingdom: Animalia

Phylum: Chordata

Subphylum: Vertebrata

Class: Aves

Order: Ciconiiformes

Family: Ciconiidae

Genus: Mycteria

Species: Mycteria americana

Geographic Range

Mycteria americana range from North America to Argentina. In the United States, wood storks nest in South Carolina, 
Georgia, and Florida. After breeding they may disperse north to North Carolina or west to Mississippi and Alabama. 
(Brooks, 2001)

Biogeographic Regions: 
nearctic  (native ); neotropical  (native ).

Habitat

Wood storks inhabit mainly tidal waters, marshes, swamps, streams and mangroves. They hunt for prey in shallow, 
muddy-bottomed banks or wetlands. Their nests are ideally constructed in trees surrounded by water to limit 
depredation of the eggs. (Brooks, 2001; Ehrlich, Dobkin, and Wheye, 1988)

These animals are found in the following types of habitat: 
temperate ; tropical ; terrestrial .
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Aquatic Biomes: 
brackish water .

Wetlands: marsh , swamp .

Other: 
estuarine .

Physical Description

Mass
2500 g (average) [Ref]

(88 oz)

Length
1 m (average)
(3.28 ft)

Wingspan
1.50 m (average)
(4.92 ft)

Adults usually measure one meter tall and can have a wingspan of over one and a half meters. They have a blackish bill, 
accompanied with a scaly-looking, featherless head and neck which sticks out straight when flying. The majority of the 
birds' body is white except for the primary, secondary, and tail feathers which are black. Immature wood storks have a 
pale yellow bill and dull gray-colored head and neck. (Farrand, 1983)

Some key physical features: 
endothermic ; bilateral symmetry .

Reproduction

Breeding season
December to April 

Eggs per season
2 to 4; avg. 3

Time to hatching
28 to 32 days

Time to fledging
55 to 60 days

Age at sexual or reproductive maturity (female)
4 years (average)

Age at sexual or reproductive maturity (male)
4 years (average)

Wood storks are monogamous. (Ehrlich, Dobkin, and Wheye, 1988)

Mating systems: 
monogamous .

Pairs often mate for life and return to the same nest each breeding season to raise their offspring. Breeding occurs from 
December to April. Nests are constructed out of sticks high atop cypress, mangrove, or other trees in marshy 
woodlands. Wood storks nest colonially with from 5 to 25 nests in a single tree.

Females lay 2 to 4 (usually 3) eggs per clutch. Incubation lasts 28 to 32 days and the young fledge after 55 to 60 days. 
Woodstorks do not begin to breed until they are 4 years old. (Ehrlich, Dobkin, and Wheye, 1988; The Georgia Museum 
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of Natural History and Georgia Department of Natural Resources, 2000; Wolkomir and Wolkomir, 2001)

Key reproductive features: 
iteroparous ; seasonal breeding ; gonochoric/gonochoristic/dioecious (sexes separate); sexual ; fertilization  (internal ); 
oviparous .

Both the male and female take part in nest building, incubation and the feeding of their semi-altricial young. Chicks are 
fed regurgitated fish and are dependent on their parents for 55 to 60 days after they hatch. (Ehrlich, Dobkin, and 
Wheye, 1988; The Georgia Museum of Natural History and Georgia Department of Natural Resources, 2000)

Parental investment: 
no parental involvement; pre-fertilization; pre-hatching/birth (protecting: male, female, male, female); pre-weaning/fledging 
(provisioning: male, female, male, female).

Lifespan/Longevity

Average lifespan (wild)
225 months [Ref]

We do not have information on lifespan/longevity for this species at this time.

Behavior

Like their close relatives, vultures of the family Cathartidae (Mindell et al., 1998), storks are soaring birds that will ride 
thermals to altitudes of up to 300 meters or more to get to feeding grounds up to 130 kilometers away (Klinkenberg, 
1998). They are known to be incredible acrobats when descending, performing marvelous turns, dives, and rolls. They 
are highly gregarious birds occurring in small to very large flocks and they build their nests in large colonies with other 
storks.

The formation of flocks is thought to be triggered when the birds smell exposed mud at low tides. These areas are often 
favorable feeding grounds. Like other migrating birds, wood storks may locate their nesting grounds by recognizing 
geographical landmarks and sensing magnetic fields (Wolkomir and Wolkomir, 2001). (Klinkenberg, 1998; Mindell, 
Sorenson, and Dimcheff, 1998; Wolkomir and Wolkomir, 2001)

Home Range

We do not have information on home range for this species at this time.

Key behaviors: 
flies; glides; motile ; migratory ; social ; colonial .

Communication and Perception

Like other migrating birds, wood storks may locate their nesting grounds by recognizing geographical landmarks and 
sensing magnetic fields. (Wolkomir and Wolkomir, 2001)

Perception channels: 
visual ; tactile ; acoustic ; chemical ; magnetic .

Food Habits

Adult wood storks eat small fish, frogs, mollusks, snails, insects, and aquatic invertebrates. It has been calculated that a 
2.5 kilogram bird would eat more than half a kilogram of fish daily. Wood storks wade through shallow water feeling for 
movement and snap their bill shut when they touch a fish. Vision is not as important as touch, and the bill-snapping 
reflex of the stork is one of the fastest reflexes known in vertebrates, taking only about 25 thousandths of a second 
(Wolkomir and Wolkomir, 2001). It was also recently discovered that wood storks often leave the roost at night to catch 
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prey or fish during nocturnal low tides. This allows them to feed without the competition of other large shorebirds such 
as great egrets. (Bryan et al., 2001b; Wolkomir and Wolkomir, 2001)

Primary Diet: 
carnivore  (piscivore ).

Animal Foods: 
amphibians; fish; insects; mollusks.

Predation

Known predators

●     raccoons (Procyon lotor) 
●     American alligators (Alligator mississippiensis) 

The greatest threat to wood storks are raccoons (Procyon lotor) that climb to the nests to eat the chicks. Alligators 
(Alligator mississippiensis) may also pose a problem to unwary birds. (Klinkenberg, 1998)

Ecosystem Roles

Wood storks and other wading birds are an integral part of the marshland food chain along with other reptilian and 
mammalian predators. (Klinkenberg, 1998)

Economic Importance for Humans: Negative

There are no known adverse affects of wood storks on humans.

Economic Importance for Humans: Positive

We do not have information on economic importance for this species at this time.

Conservation Status

IUCN Red List: [link]: 
Least Concern.

US Migratory Bird Act: [link]: 
Protected.

US Federal List: [link]: 
Endangered.

CITES: [link]: 
No special status.

State of Michigan List: [link]: 
No special status.

In the 1930's an estimated 20,000 wood stork pairs were nesting in the United States. In 1978 only 2,500 pairs were 
recorded and wood storks were placed on the Endangered Species List in 1984. A recent survey of nesting pairs counted 
5,500 pairs (Klinkenberg, 1998). If the species grows to 6,000 nesting pairs it may be reclassified to "threatened" 
instead of "endangered". The best way to help the species is to preserve wetlands, limit water management, and reduce 
heavy metal pollution such as mercury which can be lethal to the storks (Bryan et al., 2001a).
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Historically the largest American population of wood storks has been in Florida's Big Cypress National Preserve and the 
Everglades, but because of a decline in wetland habitat and water management, colonies seem to be migrating 
northward (Brooks, 2001).

Wood storks are listed as endangered on the US Federal List and are protected under the US MBTA. (Brooks, 2001; 
Bryan et al., 2001a; Klinkenberg, 1998)

Other Comments

Wood storks are the only nesting storks in the United States and our largest wading bird. They are also endearingly 
called "flinthead" or "ironhead" by some.

Traditionally in Austrian and German folklore, storks were said to deliver babies. These stories have now been passed on 
to the Americas. Wood storks are exceptionally serene animals that can live harmoniously alongside humans if left 
undisturbed. (Wolkomir and Wolkomir, 2001)

Contributors

Sean Carroll (author), Western Maryland College. 
Randall L. Morrison (editor), Western Maryland College. Alaine Camfield (editor), Animal Diversity Web. 
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White-faced Ibis (Plegadis chihi)

Texas Status 
Threatened 

Description 
The white-faced ibis is a dark, chestnut colored-bird with green or purple on its head and upper 
parts, and a long, down-curved bill. It is very similar in appearance to the glossy ibis except 
during the breeding season when the white-faced ibis has a narrow border of white feathers all 
around its bare facial skin at the base of the bill. This ibis has reddish legs and feet and red bare 
skin on the face around the eyes. 

Life History 

The white-faced ibis seems to prefer freshwater marshes, where it can find insects, newts, 
leeches, earthworms, snails and especially crayfish, frogs and fish. They roost on low platforms 
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of dead reed stems or on mud banks.

During the nesting season, they are colonial and will construct a deep cup of dead reeds among 
beds of bulrushes, on floating mats of dead plants or they may nest in trees. The areas where 
these nests are built usually are where water is less than three feet deep. The nests are lined with 
grasses in preparation for the ibis nestlings. In Texas, between April and June, three to four 
greenish-blue eggs will hatch after an incubation period of approximately 21 to 22 days. The 
male and female both share in the parenting responsibilities of incubation and brooding of the 
nestlings. Nestlings initially are covered with a dull, blackish down and are noted to be 
uncommonly timid.

Habitat 
The white-faced ibis frequents marshes, swamps, ponds and rivers. 

Distribution 
It nests in isolated colonies from Oregon to Kansas, but its center of greatest abundance seems to 
be in Utah, Texas and Louisiana. In Texas, they breed and winter along the Gulf Coast and may 
occur as migrants in the Panhandle and West Texas. 

Other 
White-faced ibises are declining throughout North America, where continuing threats include 
draining of wetlands and the widespread use of pesticides. They currently are listed as state 
threatened. The federal government is awaiting additional information on them before deciding if 
they should be given federal status as an endangered or threatened species. 
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❍     Natural Subregions of Texas (PDF 198.6 KB) 
❍     Natural Subregions of Texas (JPG, 147.8 KB) 

●     Rare Resources Review Requests (Including Threatened and Endangered Species) (PDF 263.3 
KB) 

●     Rare Resources Review Requests (Including Threatened and Endangered Species) (Word 137.5 
KB) 

East Texas Black Bear: 

Conservation and Management Plan

  

Louisiana Black Bear (Ursus americanus luteolus)

Date of Listing: Threatened, 1992

 

© Photo S. C. Amstrup, USFWS

Louisiana Black Bears are active from April to November. After emerging from dens in spring, bears 
may initially be in a "semi-fasting" state as they continue to utilize remaining winter fat reserves. At this 
time they eat succulent, easy-to-digest vegetation. During the summer they eat mostly berries, insects, 
and carrion. In order to gain weight for the winter, bears eat nuts such as acorns and pecans which are 
high in carbohydrates and fats. They hibernate in the winter in large hollow trees, downed logs, or in 
ground nests which are shallow depressions lined with vegetation. Denning bears exhibit varying 
degrees of awareness, but most can easily be roused if disturbed.

Note: pecial thanks to the photographers for providing images of Texas endangered and threatened 
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plants. All rights to these images are reserved. Educational use permitted. 

Reason for Concern: 

Habitat loss has been the main reason for the bear's decline. Reservoir construction has flooded many 
miles of former bottomland hardwood habitat. In addition, many bottomlands forests have been cut and 
converted to agricultural areas or housing developments. Today, efforts are being made to restore the 
Louisiana black bear to its former range in areas with suitable habitat. 

Additional information: 
East Texas Black Bear Conservation and Management Plan, 2005 - 2015 

Size: 
120-400 lbs; 4.5-6.5 feet long; adult males are larger than adult females 

Diet: 
Acorns, pecans, berries, persimmon fruits, palmetto, insects, carrion 

Habitat (where it lives): 
Primarily in bottomland hardwoods and floodplain forests, but also upland hardwoods, mixed 
pine/hardwoods, coastal flatwoods, and marshes 

Range (where found in Texas): 
East Texas, Louisiana, and Mississippi 

Life Span: 
Up to 30 years 

Reproduction: 
Litter sizes range from 1 to 3 cubs; females have a litter every other winter while denning, and 
the young cubs usually spend their first 1.5 to 2 years with their mother before dispersing 

Population Numbers: 
Improving 

Interesting Fact: 
Although not true hibernators, bears generally do not eat, drink, urinate or defecate in winter. 
They have a unique metabolic process to recycle waste products during winter dormancy. 
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Wetlands Digital Data

Build, search, query, and download 
custom digital maps and data in the area you choose:

Go to the Wetlands Mapper

Download Wetlands Digital Data

 

Digital data available on this site represent the latest, most accurate 
information available from the U.S. Fish and Wildlife Service's National 
Wetlands Inventory. These data are also available on The National Map.
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This map is a user generated static output from an Internet mapping site and is for general
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Notes: Area S-SE of RML 1 and 2
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This map is a user generated static output from an Internet mapping site and is for general
reference only.  Data layers that appear on this map may or may not be accurate, current, or
otherwise reliable.  THIS MAP IS NOT TO BE USED FOR NAVIGATION.

Notes: Area NW of RML 3 and 4
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This map is a user generated static output from an Internet mapping site and is for general
reference only.  Data layers that appear on this map may or may not be accurate, current, or
otherwise reliable.  THIS MAP IS NOT TO BE USED FOR NAVIGATION.

Notes: Area west of RML 1 and 2

Scale: 1:84,621
Map center: 28° 0' 55" N, 97° 15' 14" W
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Wind Roses 1984 - 1992
These wind roses were made using software (WRPLOT) and data from 1984 through 
1992 that was obtained from the U.S. Environmental Protection Agency (EPA). 

City Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual 

Abilene J F M A M J J A S O N D All

Amarillo J F M A M J J A S O N D All

Austin J F M A M J J A S O N D All

Beaumont/
Port Arthur

J F M A M J J A S O N D All

Brownsville J F M A M J J A S O N D All

Corpus 
Christi

J F M A M J J A S O N D All

Dallas/
Fort Worth

J F M A M J J A S O N D All

El Paso J F M A M J J A S O N D All

Hondo J F M A M J J A S O N D All

Houston J F M A M J J A S O N D All

Lubbock J F M A M J J A S O N D All

Lufkin J F M A M J J A S O N D All

Midland J F M A M J J A S O N D All

San Angelo J F M A M J J A S O N D All

San Antonio J F M A M J J A S O N D All

Stephenville J F M A M J J A S O N D All

Victoria J F M A M J J A S O N D All

Waco J F M A M J J A S O N D All

Wichita Falls J F M A M J J A S O N D All

Wind Rose Information 

●     The station identification, month, and period of record (1984-1992) are located 
at the top left of each wind rose. 

●     The percent frequency of calm winds is located in the lower left side of the wind 
rose plot. 

●     The frequency of occurrence of winds is plotted in the sixteen points of the 
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compass (north, north-northeast, northeast, etc.) with a maximum of six wind 
speed classes for each direction. 

●     The legend for the wind speed colors is at the bottom left of each wind rose. 
●     

Wind Rose Uses

Wind roses can be used to graphically depict the predominant transport direction of an 
area's winds. Wind rose statistics may not always be representative of true transport for 
an area due to local terrain influences, coastal effects, exposure of the instruments, and 
temporal variability of the wind. Other meteorological conditions may also be important 
for determining the formation and transport of certain atmospheric contaminants, 
particularly reactive pollutants. 

Air quality is often correlated with the dominant transport direction of the wind. Wind 
roses provide the best information regarding the percentage of time the direction(s) 
and speed(s) associated with a certain air quality can be expected over a long period of 
time. By comparing wind roses to trajectories an assessment of how frequently that 
particular trajectory could be expected over a period of time. 
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REFERENCE 56 
 



 1

MEMORANDUM 
 
TO:  Leo Miller Road Site File 
  TXN000606818 
 
FROM: Steve Cowan, Dynamac START-3 PjM 
 
DATE: November 30, 2007 
 
SUBJ:  Video graphic Documentation of Red Dust 
 
 
On October 11, 2007, Mr. Andrew Spaeth, attorney for Ms. Nelda Salinas, provided Mr. 
Jon Rinehart, EPA Site Assessment Manager (SAM) for the Leo Miller Road site, video 
graphic documentation of the red dust from the Sherwin Alumina Red Mud Lagoons 1 
and 2 being blown from the lagoons toward the Salinas residence located on Leo Miller 
and damage resulting to the Salinas residence as a results of the red dust.  Mr. Spaeth has 
provided EPA with the following video clips: 
 

• Red Dust:   March 18, 2006; 
• SAC Damage 5:  March 18, 2006; 
• Red Dust Blowing 1:  April 15, 2006; 
• Red Dust Blowing 2:  No Date (assumed to be April 15, 2006); 
• Red Dust Blowing 3:  No Date (assumed to be April 15, 2006); 
• SAC Damage 1:  No Date (assumed to be March 18, 2006); 
• SAC Damage 2:  No Date (assumed to be March 18, 2006); 
• SAC Damage 3:  No Date (assumed to be March 18, 2006); and 
• SAC Damage 4:  No Date (assumed to be March 18, 2006). 

 
These video clips make up Reference No. 56 for the Leo Miller Road site Preliminary 
Assessment and can be found on the CD-Rohm that accompanies the PA report.  
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State & County QuickFacts 
 
 
Texas  
  
 People QuickFacts Texas USA

Population, 2006 estimate 23,507,783 299,398,484
Population, percent change, April 1, 2000 to July 1, 2006 12.7% 6.4%
Population, 2000 20,851,820 281,421,906
Persons under 5 years old, percent, 2005 8.2% 6.8%
Persons under 18 years old, percent, 2005 27.7% 24.8%
Persons 65 years old and over, percent, 2005 9.9% 12.4%
Female persons, percent, 2005 50.2% 50.7%

White persons, percent, 2005 (a) 83.2% 80.2%
Black persons, percent, 2005 (a) 11.7% 12.8%
American Indian and Alaska Native persons, percent, 2005 (a) 0.7% 1.0%
Asian persons, percent, 2005 (a) 3.3% 4.3%
Native Hawaiian and Other Pacific Islander, percent, 2005 (a) 0.1% 0.2%
Persons reporting two or more races, percent, 2005 1.1% 1.5%
Persons of Hispanic or Latino origin, percent, 2005 (b) 35.1% 14.4%
White persons not Hispanic, percent, 2005 49.2% 66.9%

Living in same house in 1995 and 2000, pct 5 yrs old & over 49.6% 54.1%
Foreign born persons, percent, 2000 13.9% 11.1%
Language other than English spoken at home, pct age 5+, 2000 31.2% 17.9%
High school graduates, percent of persons age 25+, 2000 75.7% 80.4%
Bachelor's degree or higher, pct of persons age 25+, 2000 23.2% 24.4%
Persons with a disability, age 5+, 2000 3,605,542 49,746,248
Mean travel time to work (minutes), workers age 16+, 2000 25.4 25.5

Housing units, 2005 9,026,011 124,521,886
Homeownership rate, 2000 63.8% 66.2%
Housing units in multi-unit structures, percent, 2000 24.2% 26.4%
Median value of owner-occupied housing units, 2000 $82,500 $119,600

Households, 2000 7,393,354 105,480,101
Persons per household, 2000 2.74 2.59
Median household income, 2004 $41,645 $44,334
Per capita money income, 1999 $19,617 $21,587
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1: The 2004 Nonemployer totals may be low due to late tax reporting in hurricane-impacted counties/regions in Alabama, Florida, Louisiana, 
Mississippi, and Texas. 
2: Includes data not distributed by county. 
3: Includes data not distributed by state. 
  
 
(a) Includes persons reporting only one race. 
(b) Hispanics may be of any race, so also are included in applicable race categories.  
 
D: Suppressed to avoid disclosure of confidential information  
F: Fewer than 100 firms  
FN: Footnote on this item for this area in place of data  
NA: Not available  
S: Suppressed; does not meet publication standards  
X: Not applicable  
Z: Value greater than zero but less than half unit of measure shown  

 
 

Persons below poverty, percent, 2004 16.2% 12.7%
  
 Business QuickFacts Texas USA
Private nonfarm establishments, 2005 497,7582 7,499,702
Private nonfarm employment, 2005 8,305,1022 116,317,003
Private nonfarm employment, percent change 2000-2005 3.5%2 2.0%
Nonemployer establishments, 2004 1,581,7341 19,523,741

Total number of firms, 2002 1,734,509 22,974,655
Black-owned firms, percent, 2002 5.1% 5.2%
American Indian and Alaska Native owned firms, percent, 
2002 0.9% 0.9%
Asian-owned firms, percent, 2002 4.5% 4.8%
Native Hawaiian and Other Pacific Islander owned firms, 
percent, 2002 0.1% 0.1%
Hispanic-owned firms, percent, 2002 18.4% 6.8%
Women-owned firms, percent, 2002 27.0% 28.2%

Manufacturers shipments, 2002 ($1000) 310,815,965 3,916,136,712
Wholesale trade sales, 2002 ($1000) 397,405,111 4,634,755,112
Retail sales, 2002 ($1000) 228,694,755 3,056,421,997
Retail sales per capita, 2002 $10,528 $10,615
Accommodation and foodservices sales, 2002 ($1000) 29,914,774 449,498,718
Building permits, 2006 216,642 1,838,903
Federal spending, 2004 ($1000) 141,858,4802 2,143,781,7273

  
 Geography QuickFacts Texas USA

Land area, 2000 (square miles) 261,797.12 3,537,438.44
Persons per square mile, 2000 79.6 79.6
FIPS Code 48

Page 2 of 3Texas QuickFacts from the US Census Bureau
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Source U.S. Census Bureau: State and County QuickFacts. Data derived from Population Estimates, Census of Population and Housing, Small Area 
Income and Poverty Estimates, State and County Housing Unit Estimates, County Business Patterns, Nonemployer Statistics, Economic Census, 

Survey of Business Owners, Building Permits, Consolidated Federal Funds Report  
Last Revised: Friday, 31-Aug-2007 10:25:21 EDT   
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TestAmerica
THE l U.oeR IN ENVIRO NMENTAL TESTING

ANALYTICAL REPORT

Job Number: 560-6019-1

Job Description : Sherwin Alu mina Soil Analysis

For :
Naism ith Engineering

4501 Gollihar
Corpus Christi, TX 78463

Attention: Ms . Theresa Finch

Timothy L. Kellogg
Project Ma nager II

tkel logg@stl-inc.com
09/14/2007

The lest results entered in this report meet all NELAC requirements for accredited parameters. Any exceptions to
NELAC requirements are noted in the report. Pursuant to NELAC. this report may not be reproduced except in full. and
with written approval from the laboratory. TestAmerica Corpus Christi Certifications and Approvals: NELAC TX
T10470421().()6·TX. NELAC KS E-10362, Oklahoma 9968. USDA Soil Permit 5-42935 Revised.

TestAmeriea Laboratories, In c.

TllStAmerica Corpus Chrisb 1733 N. Padre Island Drive, Corpus Christi. TX 78406

r ei (361) 289-2673 Fax (361) 289-2471 WWN leslamericajoccom
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Job Narrative
560-J6019 ·1

Method 60108: It was noted during hIe analysis that the matrix spike (MS) recovery for 560-60 19-1 in batch #14271 were outside cont rol
limits The associated laboratory control standard (l CS) met acceptance criteria. No other analytical or quality issues were noted .
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Client: Naismith Engineering

EXECUTIVE SUMMA RY - Detections

Job Number : 560-6019-1

lab Sample 10 Client Sample 10 Repo rt Ing
Analyte Resu lt I Qualifier Limi t Un its Method

560-6019-1 INW 12"

Calcium 7.62 mgIL 20B
Magnesium 0.370 mgIL 20B
$odium 973 mgIL 20B
Sodil.l11 Ab sorption Ratio 93.4 NONE 20B
calcium 16000 190 mgIKg 60108
Magnesium 304 190 mgIKg 60108
pH 10,2 0.100 SU 9045C
Calion EXchange Capacity 25.8 0.00100 meqJ100gm 908 1

Soluble
scecnc ccnccc te nce-s 3330 1.00 um hos/cm 120.1

560-6019-2 INWS"

Calcium 4,69 mgll 20B
Magnesium 0.540 mgIL 20B
Sod ium 1760 mgIL 20B
Sod ium Absorption Ratio 205 NONE 20B
ceiccm 24()(J() lB2 mgIKg 60108
Magnesium 475 182 mgiKg 60108
pH 10.1 0.100 SU 9045C
Cation EXchange Capacity 23 .6 0.00100 meqll00gm 9081

Soluble
Specific Conduetance-S 4920 1.00 urnncszcm 120 .1
Nitrate as N· S 8.41 5,00 mg/Kg 9056

560 -6019-3 SEl 24"

Gal0IJrn 4.60 mgfL 20B
Magnesium 0.360 mgll 20B
SocI itJ71 1180 mgIL 20B
Sodilrfl Absorption Ra tio 143 NONE 20B
Calcium 35100 490 mgIKg 60108
Magnesium 445 196 mgIKg 60106
pH 10.2 0.100 SU 9045C
Cation Exch ange CapaCity 19-1 OJlQ100 meqJ100gm 9081

So luble
Specific Conouctance -S 2870 1.00 umhoslcm 120.1
Nitrate as N-S 5.16 5.00 mg/Kg 9056

TestAm erica Co rpus Christi
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Client: Naismith Engineering

EXECUTIVE SUMMARY· Detect ions

Job Number: 560.6019-1

l ab Sample ID Clie nt Sample ID Reporting
Analyte Result I Qu alifier limit Units Meth od

560-60 19-4 S E212"

Calcium 5.53 mgll 20B
Mag nesium 0.250 mgll 20B
Sod ium 1460 mgJl 20B
Sod ium Ab sorption Rabo '65 NONE 20B
calCium 31800 472 mgIKg 60108
Mag nesium 379 189 mg/Kg 6010B
pH 10.2 0.100 SU 9045C
Cation EXchange Capacity 18.4 0.00100 meqJ100gm 9081

Soluble
Specific Conductance-S 3330 1.00 umhosJcm 120.1
Nitrate as N·S 6.12 5.00 mg/Kg 9056

560-6019·5 INW 24"

Calcium 6.27 mg /L 20B
Magnesium 0.160 mgll 20B
Sod ium 1310 mgll 20B
Sod ium Absorption neue 141 NONE 20B
Cal cium 34800 490 mg/Kg 6010 8
Magnesium 418 '96 mgIKg 60108
pH 10.3 0.100 SU 9045C
Cation Exchange Capacity 9.70 0.00100 meq/l00gm 906'
Soluble
Specific Conductance-S 3630 1.00 umncszcm 120.'
Nitrate as N·S 5.54 5.00 mg/Kg 9056

560-6019-6 SE 26"

ceicum 1.37 mgll 20B
Ma gnesium 0.550 mgJl 20B
Sodium 3120 mgll 20B
Sodium Absorption Ratio 570 NON E 20B
Calcium 24600 196 mglKg 60108
Magnesium 383 196 mgIKg 60108
pH 9.98 0.100 SU 9045C
Cat ion Exchange Capacity 34.2 0,00100 meq/ l00gm 906'
Soluble
Specific Conductance-S 5560 ' 00 umhostan 120.1
Nitrate as N-S 20.4 5.00 mg/Kg 9056

TestAmerica Co rpus Christi
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METHOD SUMMARY

Client: Naismith Engineering Job Number: 560-60 19-1

Descripti on

Matrix Solid

Lab location Meth od Preparati on Method

Sodium Absorption Ratio
Sod ium Absorption Ratio (Prep)

Inductively Coupled Plasma - Radial Atomic Emission
Spectrometry

Acid Digest ion of Sediments , Sludges, and Soils

Conductivity . Specific Conductance
Deionized Water Leaching Procedure (Routine)

Soil and Waste pH

Anions by Ion Chromatography
Deionized Water Leaching Procedure (Routine)

Calion-Exchange Capacity of Soils (Sodium Acetate )
Sod ium Acetate Prep for Cation EXchange Capacity

Ammonia (A utomated Phenate)
Ammonia Disti llation

EPA 351.3 T KN

General Sub Contract Method

Lab References :

TAL CC =TestAmerica Corpus cnosu

TAL HQU = TestAmenca Houston

TAL c e USDA 208
TAlCe USDA 20B

TAl Ge SVV84660108

TAL Ce SW84630508

TAL CC MCAWvV 120.1
TAl CC ASTM OJ Leach

TALCC SIN846 9045C

TALCC SW8469056
TAL CC ASTM 01 Leach

TAL CC SW846 908 1
TAL CC SW846 9081

TAL CC SM20 SM 4500 NH3 G
TALCC SM20 SM 4500 NH3 8

TAL HOU STL-MIAMI351.3

Subcontract

Method Referen c es :

ASTM = ASTM International

MCAWvV = "Methods For Chemical Analysis Of Wa ter And Wastes", EPA-600/4-79-Q20, March 1983 And Subsequent Revisions.

SM20 = "Standard Methods FOfThe Exarmnanon Of Water And Wastewater", 20th Ed ition."

STL..'.tIAMI = Severn Trent Laboratories, Miam i, Faci lity Standard Operating Procedure.

SIfIf846 ="Test Methods For Evaluating Solid Waste, Physical/Chemical Methods~. Third Edition, November 1986 And Its
Updates.

USDA ="USDA Agriculture Handbook 60, section 208~.

TestAmerica Corpus Christl

Page 5 o f S3 09 / 14 /200 7



Client: Naismith Engineering

METHOD I ANALYST SUMMARY

Job Number: 560·601 9·1

Method Ana lyst Analyst 10

USDA 20B Theriault, Ray RT

SW846 60108 Theriault, Ray RT

MCAWN 120.1 Moran,Omar OM

SW846 9045C Vela, Omar OV

SW846 9056 Alvarez, Tracy L TLA

SW846 9081 Theriault, Ray RT

SM20 SM 4500 NH3 G Alvarez, Tracy l TLA

TestAmerlca Corpus Christl

Page 6 o f 5 3 09 /14/20 07



Client Naismith Engineering

SAMPLE SUMMARY

Job Number: 560-6019-1

DatefTime DatefTlm e
Lab Sample ID Clien t Sampte ID Client Matrix Sampred Received

560-601 9-1 INW 12" Solid 0811012007 1400 0811012007 1604
560-00 19-2 INW6~ Solid 0811012007 1400 08/ 10/2007 1604
560-0019-3 SEl 24~ Solid 08110/2007 1400 06/1012007 1604
56Q.6019-4 SE2 12~ Solid 0811012007 '400 08/1012007 1604
560-6019-5 INW24" Solid 0811012007 1400 0811012007 1604
560-6019--6 SE 2 6" Solid 0811012007 1400 0811012007 1604

TestAmeri ca Corpus Christi

Page 7 of 53 09/H/2 007



Ms. Theresa Finch Job Number: 560-6019-1
Naismith Engineering Lab Sample Id: 560-60 19-1
4501 Golliha r Clie nt Matrix: Solid
Corpus Christi, TX 78463 Date Sampled: 0811012007 1400

Date Received : 08110/2007 1604

Client Sample ID: INW 12"

ResulVQualifier Unit Rl Method Dale Prepared Date Analyzed Dilution

METALS
Calcium 762 mg/l 208 0811712007 1542 0812012007 1241 1.0
Magnesium 0,370 mg/l 208 0811712007 1542 0812012007 124 1 1.0
Sodium 973 mg/L 208 0811712007 1542 0812012007 1241 1 0
Sodium Absorption Ratio 93,4 NONE 208 0811712007 1542 0812012007 1241 1.0
Calcium 16000 mg/Kg 190 60 10B 08116/2007 1311 08(17/2007 1013 2.0
Potassium <762 mg/Kg 762 6010B 08(16/2007 1311 08/ 1712007 1013 2 0
Magnesium 30' mg/Kg 190 6010B 08/16/2007 1311 08/1712007 1013 20

GE NE RAL CHEMISTRY
SpecifICConductance 3330 umhosfan 1,00 120.1 • Soluble 0811512007 1400 1.0

pH 10.2 SU 0.100 9045C 08114/2007 1630 1.0
Nitrate as N <5.00 ffig/Kg 5.00 9056 - Soluble 08/2112007 1436 1.0

Cation Exchange Capacity 25,8 meq/ 100g 0.00100 9081 0812212007 1425 1.0
m

Ammonia <5.00 mg/Kg 5.00 SM 4500 NH3 G 0811612007 1725 08/16/2007 1725 1 0

TeetAmerlca Corpus Chri sti
Page B o f 53 09 / 14 /2007



Ms. Theresa Finch Job Number: 560-6019-1
Naismith Engineering lab Sample ld: 560-60 19·2
4501 Golli har Client Matrix : Solid
Corpus Christi, TX 78463 Date Sampled: 0811012007 1400

Date Received: 0811012007 1604

Client Sample 10: INW 6"

Result/Qualifier Unit RL Method Date Prepared Date Ana lyzed Dilution

METALS
Calcium 469 mgll 20B 0811712007 1542 0812012007 1241 1.0
Magnesium 0,540 mgll 20B 0811712007 1542 0812012007 1241 1.0
Sodium 1760 mgll 20B OS(1712OO7 1542 0812012007 1241 1.0
Sodium Absorption Ratio 205 NONE 20B OS(17l2OO7 1542 OSf2012007 1241 10
Calciu m 24000 mgfKg 182 6010B OS/1612007 1311 OS/17f2007 1015 2.0
Potassium <727 mg/Kg 727 60 10B OS/16/2007 1311 OS/1712007 1015 20
Magnesium 475 mgfKg 182 60 10B OS/1612oo7 1311 OS/17f2007 1015 20

GENERAL CHEMISTRY
Specific Condudance 4920 umhoslcm 1.00 120.1 • Soluble 0811512007 1400 1.0

pH 10.1 SU 0.100 9045C 08f1412007 1630 1.0
Nitrate as N S.4t mg/Kg 5.00 9056 • Soluble OSf21/2007 1436 1.0

Cation Exchange Capacity 236 meq/100g 0.00100 90S1 08122/2007 1425 1.0
m

Ammon ia <5,00 mgfKg 5.00 SM 4500 NH3 G 08f1612007 1725 08/ 16/2007 1725 1.0

TestAmerlca Co rpus Christi
P a g ll 9 o f S 3 0 9 /14. / 2 0 07



Ms Theresa Finch Job Number: 560-6019·1
Naismith Engineering lab Sample Id: 560-6019·3
4501 Gollihar Client Matrix: Solid
Corpus Christi, TX 7646 3 Date Sampled: 08/1012007 1400

Dale Rece ived ' 08/ 10/2007 1604

Clienl Sample 10 : SE1 24~

Result/Qualifie r Unit RL Method Date Prepared Date Analyzed Dilution

M ETA L S
Calcium 4 60 mg/l 20B 08/ 17/2007 1542 0812012007 1241 1 0
Magnesium 0,360 mg/L 20B 08J1712oo7 1542 0812012007 1241 1 0
Sodium 1180 mg/l 20B 08117/2007 1542 0812012007 1241 1.0
Sodium Absorption Rauc 143 NONE 20B 08117/2007 1542 0812012007 1241 1.0
Calcium 35100 mg/Kg 490 6010B 08116/2007 1311 08117/2007 1020 50
Pctaestum <784 mg/Kg 784 60 10B 08116/2007 1311 0811712007 1018 2.0
Magnesium 445 mg/Kg 196 6010 B 08116/2007 1311 08/1712007 1018 2.0

GEN ERA L CHEMISTRY
Specific Conductance 2870 umhoslcm 1.00 120.1 • Soluble 08/1512007 1400 1.0

pH 10.2 SU 0.100 9045C 08/1412007 1630 1.0
Nitrate as N 5.16 mgl Kg 5.00 9056 • Soluble 08121(2007 1436 1.0

Cation Exchange Capacity 19.1 meqll 00g 0.00100 9081 0812212007 1425 1.0
m

Ammonia <5.00 mg/Kg 5.00 SM 4500 NH3 G 08/1612007 1725 08/16/2007 1725 1.0

TestAmerl ca Corpus Ch rlstl
Page 10 o f 5 3 0 9 / 14 /2007



Ms. Theresa Finch Job Number: 560-6019- 1
Naismith En9ineering Lab Sample to: 560-6019-4
4501 Goliihar Client Matrix : Solid
Corpus Christi, TX 78463 Dale Sampled: 08110/2007 1400

Date Received: 08110/2007 1604

Client Sample 10 : SE2 12"

ResulVOualifier Unit Rl Method Date Prepared Dale Analyzed Dilution

METALS
Calcium 5.53 mg/ l 20B 0811712007 1542 0812012007 1241 1.0
Magnesium 0.250 mg/l 20B 0811712007 1542 0812012007 1241 1.0
Sodium 1460 mg/l 20B 08/1712007 1542 0812012007 1241 1.0
Sodium Absorption Ratio 165 NONE 20B 08/17/2007 1542 0812012007 1241 1.0
Calcium 31800 mglKg 472 60108 08/16/2007 1311 08/1712007 1024 50
Potassium <755 mg/Kg 755 60108 08/1612007 1311 08/17/2007 1022 2 0
Magnesium 37. mglKg 18. 60108 08/1612007 1311 08/1712007 1022 20

GENERAL CHEMISTRY
Specific Conductance 3330 umhoslan 1.00 120,1 • Soluble 08115/2007 1400 10

pH 10,2 SU 0 ,100 9045C 08/1412007 1630 1.0
Nitrate as N 6 12 mg/Kg 500 9056 - Soluble 0812112007 1436 1.0

Cation Exchange Capacity 184 meq/100g 0,00100 9081 0812212007 1425 1.0
m

Ammonia <5.00 mg/Kg 5,00 SM 4500 NH3 G 08/1612007 1725 08/ 1612007 1725 1.0

TestAmerica Corp us Christi
Page 11 of 53 09 /14/2001



Ms. Theresa Finch Job Number. 560-6019·1
Naismith En9ineering lab Sample Id: 560-60 19-5
4501 Gollihar Client Matrix : Solid
Corpus Christi, TX 78463 Date Sample d: 08/1012007 1400

Date Received: 08/ 10/2007 16a.l

Client Sample 10 : INW 24"

ResulllQualifier Unit BL Method Date Prepared Date Analyzed Dilution

METALS
Calcium 6.27 mg/L 20B 0811712007 1542 0812012007 1241 1 0
Magnesium 0.160 mglL 20B 0811712007 1542 0812012007 1241 1.0
Sodium 1310 mg/L 20B 0811712007 1542 0812012007 1241 1 0
Sodium Absorption Ratio 141 NONE 20B 08/ 17/2007 1542 0812012007 1241 1.0
Calcium 34800 mg/Kg 490 60108 08116/2007 1311 0811712007 1028 50
Potassium <784 mg/Kg 784 60108 08/1612007 1311 08117/2007 1025 2.0
Magnesium 418 mg/Kg 196 60108 08/1612007 1311 08/1712007 1025 2 0

GENERAL CHEMISTRY
Specific Conductance 3630 umhoslan 1.00 120,1 - Soluble 0811512007 1400 1.0

pH 10.3 SU 0.100 9045C 08/1412007 1630 1 0
Nitrate as N 5.54 mg/Kg 5.00 9056 • Soluble 0812112007 1436 1.0

Cation Exchange Capacity 9,70 meq/100g 0.00100 9081 0812212007 1425 1 0
m

Ammonia <5.00 mglKg 5.00 SM 4500 NH3 G 08116/2007 1725 08/1612007 1725 1.0

TestAmerlca Co rpus Chrlsll
Page 1 2 o f 5 3 09/14 /20 0 7



Ms. Theresa Finch Job Number: 560-6019· 1
Naismith Eng ineering Lab Sample Id: 560-60 19-6
450 1 Gollihar Cl ient Matrix : Solid
Corpus Christi , TX 76463 Date Sampled: 0811012007 1400

Dale Receiv ed: 0811012007 1604

Client Sample 10. SE 2 6M

Result/ Quali fier Unit RL Method Date Prepared Dale Analy zed Dilution

METALS
Calcium 1.37 mgfL 20B 08/1712007 1542 0812012007 1241 10
Magnesium 0.550 mglL 20B 08/1712007 1542 08/2012007 1241 1.0
Sodium 3120 mg/L 20B 0811712007 1542 0812OJ2007 1241 1 0
Sodium Absorption Rat io 570 NONE 20B 0811712007 1542 08120/2007 1241 1.0
Calcium 24600 m9/Kg 19. 60 10B 08116/2007 1311 08f17l2oo7 1029 2 0
Potassium <784 mg/Kg 784 60 10B 0811612007 1311 08/1712007 1029 2.0
Magnesium 3B3 mg/Kg ' 9. 60 10B 08/ 16/2007 1311 08/1712007 1029 20

GENERAL CHEM IST RY
specrc Conductance 5560 umhosfan '00 120 ,1 - Soluble 0811512007 1400 1 0

pH 9.98 SU 0.100 9045C 0811412007 1630 1 0
Nitrate as N 20.4 mgfKg 5.00 9056 - Soluble 0812112007 1436 ' 0

Cation Exchange Capacity 342 meqJ100g 0.00100 9081 0812212007 1425 , 0
m

Ammonia <:5.00 mg/Kg 5.00 SM 4500 NH3 G 08116/2007 1725 08/1612007 1725 , 0

TestAmerica Corpus Chris ti
Page 1 3 of 53 0 9/ 14/2007



Original

Subcontract Laboratory

Report
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ENERGY LABORATORIES, INC, • 415 Graham Rd- Colleg e Statio n, TX 7784 '
TollF,H 8BB.89D.221' · 979.690.2217 ' FAX 919.690.2046·tf _

ANALYTICAL SUMMARY REPORT

Sept~r 10,2007

TimothyKellogg

TestAme rica Laboratories

1733North Padre Island Drtve
Corpus Christl, TX 76406-

Worton:ler No . T07080052

Project Name: 56o.s01 9

EnergyLaboratorla5 Inc received the following 6 samples from Ted America l aboratories on 811512007 for analysis

Colleee Oa.t Receive Oat Matrix r est

0811007 '.4:00 08l15f07 Soi l Metals, Mehlich 3 Extraction
Mehnch 3 Soil Extraction
Soil Pre pa ration to 10 mes h
Water Holding Capacity

T07080052~02 INW 6" (sso.-a0 19-2) 08110107 14:00 0 8115107 Soil

107080052-003 SEl 24" (560-601 9-3) 0811010714:00 08115107 5..

1 07 080052-004 S E2 12" (560-60 19-4 ) 08110107 14:00 08/15107 So,

T07080052-005 INW24" (560..e019. S) 06110107 14:00 08/15107 Soi l

T07080052-OO6 SE2 6" (560-6019-6) 08110107 14 0008115107 SoU
.•. .. -- . .. . . ..

Same As Above

SameAs AbcNe

Same As Above

same As Abov e

SameAs Above

There were no problems with th e analyses and all data lor associated Q C met EPA or labora tory specific:aUons
D eep If noted In !he Case Narrative orReport

It you halfe any quest ions regard ing t~e tests rcsuJt5. pleaSi call.

cn=GaryPlldge. .... EnergyI;lbo, alO!l"- Inc. r;JIJ-Bran ch Manag er. eman_IlPudg.nergy!ab.com,c..US
lam approving \his: document

Report Approved B y: 1OO7.09.10 13,IS:5-4 -05'OO'

The resun5 reprtlu nled WIthIn lIus repot1reUd/! only to the 8Dmpl81i as submJrled.
Th&"' pot!!My not be reproduced eJa;epl ln fuI wi/hcIli Ihe wtll1an cons fHll of Enetw WOIa!Mu, ~

Page 15 o f 5 3
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~ ENERGY LABORATORIES, INC. ·416 G nlhBr7f Rd· Col/agll Station, TX 77845
IiJJ!!fiill!!if Ton Fn6 BBtl.690-2211" 979.690.2211 " FAX 979.690.2045

~""""'"
LASORATORY ANAlYTICA L. REPORT

C5ent:
Project:

tab iD:
Cnent Sample 10

TKt Am&rica lJlboralol1e5

~"
T07080052.(101
lNW 12" (560~OI 9- 1 )

R!'port Date: 09110107
Collection Date: 0811010714;00

DateReceilled: 08/15107
Matrix: Sol

Meu...",,~ .- un'u QuaI ,r ll!f 5 RL QCL ""hod Analys~ Dale I By

METALS _NAHC0 3 EXlRACTABLE
Co«~ 52' ppm '00 SW6010B oe l24m 13:201 eJk.........., ' ''' ". '00 5WCi01OS OS/2.w7 , 3:201alk-_. NO ". ' 00 ......"OS ()&o24.01 13:20 ' elk
PallIlIslI.m ,... ". ,.. SW<I01OS 08.rXL0116:52 ' alll
SlAfur .IS ". '00 SW60,OB 0812«.07 13;20/ a ll(

WATER HOLDING CAPA CITY
1/3 e.. Moisve "" "". 01 SSSA pla rJ.91J76J7 00:00/ r;Jlp

Report
Dd lnil io ns:

Rl .~ leporling Iml

e el · Qualll)' eat'lualUrnl
MeL· MaJimI.rn contaninanllevel.
NO • Nat ce~elDd Bllher~ 1m!

Th. I9suII ,.prountfd within /JII$ report ,.,~(. OiVy 'll /he ShrrrplaSlJS' wbmill&d.
Thlr19.ood trllIyno!be f9produced elCfJpt Infullwithoullhe wrlttf/ll cons&nt 01Enetr}'fLaboI'BIOfIeS. /{Ie;

Page 1 6 o f 53
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IJjjjt{f ENERGY L480RATORIES, /NC. ·415 G,.. ham Rd· College S tatton, TX n84S
ToI1 Free 888.690.2218 · 979.890.2217 ' FAX 979.690.2045

lABORATORY ANALYTICAL REPORT

Client:
Project:
Lab 10;

Cilltnt Samp le 10

Test America Labornlories
560-8019

107080052-002
lNW6" (560-6019-2)

Report Dale : 09110107
Collect ion Date: 08110107 14:00

DateRece lved; 08115107

Matrix: 5011

"eu...,~ _0' -. Qagjlflen ". QCL M..... .IlN!y$ls Date I By

METALS - NAHC03 EXTRACTABLE

c.-~ et pp- 5 00 SW6010B 0ll124AJ7 13:23/d:
Mlig neslt.m 132 pp- 5 00 SW5010B 0EI124m 13:23/11111
Pl'Qt;phorus NO pp- 500 SW601DB 001201.01 1J :23 /lllk
Pr:tasshnl 418 pp- 5 00 SWS01DB aat3lJ1J7 1e:581alk..... 103 ppm 500 SWGOIOB 0812<W7 13:23/ . ..

WATER HOLDI NG CAPACITY
1I3B.IrI.oIS..... ". Wl~ 01 SSSA pt4 09m.o7 !J):OOJrtJ

Report
Dermlt lons:

RL · AIlalyle reporting 1m'

eel · Quality c:mllo1llm. ,

Mel · MlW'nllTlcontamll'lllnl level
NO- NOtdeleC1ed at the repo.1ln'lllmft

1M l'llsub~$snr'rJwithin t1l/s "port ro/ll1e only 10the $aIrlpleS liS WbmIltfd.
Tllb rrpotI may nDtbe fflproducad u c.pl ln tuII wifhout tlTll written consent of Energy LabOflllorlN, Inc

Page 1 7 of 53
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~ ENERGY LABORATORfES, INC. ·415 Graham Rd · Col'-ge Stetion, 1)( n845~ Toll Free 888.590.2218 ·919.690.2217 • FAX 979.690.2045

LABaRATORY ANALYTICAL REPORT

Clent:
Projec t:
Lab 10 :
Client Sample 10

Test AmerIca Leccretcrles

esc-eo"
TD7080052.OlJ3
SE1 24 " {5S0-601!t-3}

Report Date : 09110/07
Collection Dfie: 08l1lY07 14:00

DateRecelved: 08115107

Mntrlx : Sol

MCU
An~ly.ll 1!S Result Units Qtulllfler. RL Del Me1hod Analyst! Dale f By

METALS· NAHC03 EXTRACTABLE

""""" 5113 ,,- ' Ol S'Nfi010B 00fZ400113:251 alkM_
'" ppm ' Ol SWOO1DB Del2400713:25/ aile

Pl'DS$lholU$ NO ppm 'Ol SW6010B 08l24.0713251 all;

P.....~ '" ppm 'Ol SW6010a rIJfJOXJ7 16:5ll1 alk

."'"' '" ppm 'Ol SWSO'DB 00fZ4m 13:25r. !If

WATER HOLDING CAPACITY
113811 MOI$I\lre 30 1 W, % 01 SSSA pl4 'JM)71J1 00:001gp

"-Deftnllionr.
P.lCl.MalIi'nLm~ ItYIlI
HO -~ deledtd at Il'It reputllg Iirnf

nt. resuIUTept"lsatl/td within IhIJreport rNle onlY to Ill. tiBmplttS ll$ submm.d.
ThIS repottmay noItie reprocJlJctMJ except kIfIA wflholA UIfI wrtnen c:ooselll' of~Letxnlofm, MlC

Page 1 8 o f 53
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1@@1ElVERGYLABORA TOR/(ES,'NC. a415 Graham Rd -ColIGge S'" Uon. TX77845
~ rolf Free 88U9fH218 • 979.690.2217' FAX97U90.20~

LABORATORY ANALYTlCAL REPORT

CJient:
Project:
LBbJD:
Client Sam ple 10

Test Amlll'~ laboralorles
560-6019
T0708oo52-o04
SE2 12" (56~Ol9-4)

Report Date: 09110107
Collecti on Date: 08110/07 14;00

DateRecelved: 08115107
Matrix: SoQ

MCU
ANIy~ Resu lt Uri" QulBfoers RL QCL "'...... ANlysls Oile I By

'"' 4

METALS . NAHC03 EXTRACTABLE

"""= ,.. ""rn .00 SW60 10B OBI20W7 1J :31l/ alkM_
632 ",. '00 SWOO10B 0Sl2Ml7 l US talke- ND ",. 500 SWElO1OB 08f2:<Kl7 13:3&/ ali<

e_~

174 ",. ' .00 SWS010B CJaI»I0117:OO I IIIk
SU", 4< , ",. '00 SW601,. 06J24'07 13:36JIlk

WATER HOLDING CAPACITY
1138JwMoI!;U . ,0< ""0 Ol S$SA pl4 09Kflm 00:00I glP

Report
Dd nitlonJ:

RL - AiIBtf'.t; repa11ng1m' .
cc. . Quallt)'emIlrd Ihlt

Mel.Mllllil1um tallamlnanllwel

NO • Nd detecWd .t Itw reportln; 1m.

J7le rewJJsrepro$6flled wfIIl/l! this f9{XXft'8IBlfI only 10 lIle sampJes as submitted
TIltsIW'(lI1 mq notbe reproduced excepl n full wIOIOlA the wrilTMI CltWlS8i1I of EneIVY LlII:lOnIfories, 1IJc

Page 19 o f S3
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!~r~~~~~~i¥~#~ii~~,?r ENERGYLABORATORIES,INC.· 416 Graham Rd' CO/Igge Sta tion, TX 17845
~ Toll Free 888.690.22 18 • 979.690.2217' FAX 979.690.2tUS

LABORATORY ANALYTICAL REPORT

Client:
Pr*ct:
tabiD:
Client Samp/It 10

TMIAmerica laboratories
560-6019
TD70B00S2-005
ININ24"(560-6019-5)

Report Date: 09/ 10107
Collection Date: 08110/0714:00

DateReeetved: 08115107
Matrix: Sol

MCU
Analyses Result Uni ts QcullJl enI RL QCL Melhod Arwlysll Ol:1 a ' By

METALS ~NAHC03 EXTRACTABLE
c ""," .. ppm 500 SW6010B 08r.!<UJ713:41/aJ1(
M_~

'.02 ppm 500 SW6010e 08I2«JT13;41 l alk
P /'lOSpOOrtl$ NO ppm 500 SWGOI OB 08124,(J713:41 1111(
Polil~~ 2<' ppm 500 SW 6010B 09J30.0117:02 /l1:l~

S"" "S ppm 500 swecroe oet24m 13:41 f aue

WATER HOLDI NG CAPACITY
lJ36ar~O!I ,n wo. " SSSApl4 rt:J1J7fJ1 0000 1glp

R. poo1
Defin1 iDns:

RL·AnIIyte~ lnt

QCL• QuIIIly C«IIrd Imit
t.lCL·~~1twl

NO· No! dillllded III h reportlng lml

n. ..wits ,.,nMllf9d wif/lin thh tepOI1t818le ody ft:IUtefSI1IlHf '" JUbmHJ«1
T1lis nJPOttmayllOl be rnproduC8d eXaJplln fulwilhtM thewritlell consent 01Ene'11Y LAbcnllorles. b;
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LASORATORY ANALYTJeAL REPORT

Client :
ProJ~t:

Lab 10;
Client S i mple 10

TestAmerica Laborirtorie!
560-8019
TD7080052..(l()6
SE2 e: (560-6019-6)

Repo rt D31e ; 09110/07
Collection Date : 08110/07 14:00
DateR~eived: 08115107

Matrtx: Sol

MCU
Analyses R.... ""'~ QllII llfien R1. QCL Method AnalY111 D~. / 8y

METALS · NAHC03 EXTRACTABLE
C"'~

,., ppm 5 00 sW6010a 06/2410713:461 Ilk...,- 14 .8 """ 500 SW6010a 00I24KJ7 13:46 /a11cp- NO """ 5 00 SW6010a 08IZ4I:f113~11lk

Pe:tassltm sec ppm 500 SWIiOl09 08IJ0.0117:12/1l111
Sufur II I ppm 500 SW6010B 08J24I07 13:461Ilk

WATER HOLDING CAPACITY
lfJ Br Moisture 29' W.. " SSSA pi" 09m.07 00:00 f lllJl

R. .....
Oelirollions:

RL·~r~"'"

ccr - QuIIIfy ecrllroll'nl
h4Cl· ~Inl conWnInar1. lr.oeI
NO• N<:t d!leded 81 ttlt rl!l'Ollllg Im.t

Thetuv!ls f&pnlsenled w!lhlfllh is reporl relars 0fIJy 10 thessmplt Sassubmlttfld.
711ls report may nar be reproduced e:t.ctplIntuI1W11hol1t 1Mwritten consefll of Ene'!lYLBbrnl/orles, /nI;.
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National Primary Drinking Water Standards 
 

 Contaminant MCL or TT1 
(mg/L)2 

Potential health effects from  
exposure above the MCL 

Common sources of 
contaminant in drinking water 

Public  
Health Goal 

OC 
Acrylamide TT8 Nervous system or blood problems;  Added to water during 

sewage/wastewater increased 
risk of cancer treatment 

zero 

OC Alachlor 0.002 Eye, liver, kidney or spleen problems; 
anemia; increased risk of cancer 

Runoff from herbicide used on 
row crops 

zero 

R 

Alpha particles 15 picocuries 
per Liter 
(pCi/L) 

Increased risk of cancer Erosion of natural deposits of 
certain minerals that are 
radioactive and may emit a form 
of radiation known as alpha 
radiation 

zero 

IOC 
Antimony 0.006 Increase in blood cholesterol; decrease in 

blood sugar 
Discharge from petroleum 
refineries; fire retardants; 
ceramics; electronics; solder 

0.006 

IOC 
Arsenic 0.010 as of 

1/23/06 
Skin damage or problems with circulatory 
systems, and may have increased risk of 
getting cancer 

Erosion of natural deposits; runoff 
from orchards, runoff from glass & 
electronics production wastes 

0 

IOC 
Asbestos (fibers >10 
micrometers) 

7 million 
fibers per 

Liter (MFL) 

Increased risk of developing benign intestinal 
polyps 

Decay of asbestos cement in 
water mains; erosion of natural 
deposits 

7 MFL 

OC Atrazine 0.003 Cardiovascular system or reproductive 
problems 

Runoff from herbicide used on 
row crops 

0.003 

IOC 
Barium 2 Increase in blood pressure Discharge of drilling wastes; 

discharge from metal refineries; 
erosion of natural deposits 

2 

OC 
Benzene 0.005 Anemia; decrease in blood platelets; 

increased risk of cancer 
Discharge from factories; 
leaching from gas storage tanks 
and landfills 

zero 

OC 
Benzo(a)pyrene (PAHs) 0.0002 Reproductive difficulties; increased risk of 

cancer 
Leaching from linings of water 
storage tanks and distribution 
lines 

zero 

IOC 

Beryllium 0.004 Intestinal lesions  Discharge from metal refineries 
and coal-burning factories; 
discharge from electrical, 
aerospace, and defense 
industries 

0.004 

R 

Beta particles and photon 
emitters 

4 millirems 
per year 

Increased risk of cancer Decay of natural and man-made 
deposits of certain minerals that 
are radioactive and may emit 
forms of radiation known as 
photons and beta radiation 

zero 

DBP Bromate  0.010 Increased risk of cancer Byproduct of drinking water 
disinfection 

zero 

IOC 

Cadmium 0.005 Kidney damage  Corrosion of galvanized pipes; 
erosion of natural deposits; 
discharge from metal refineries; 
runoff from waste batteries and 
paints 

0.005 

OC Carbofuran 0.04 Problems with blood, nervous system, or 
reproductive system 

Leaching of soil fumigant used on 
rice and alfalfa 

0.04 

OC Carbon tetrachloride 0.005 Liver problems; increased risk of cancer Discharge from chemical plants 
and other industrial activities 

zero 

D Chloramines (as Cl2)  MRDL=4.01 Eye/nose irritation; stomach discomfort, 
anemia 

Water additive used to control 
microbes 

MRDLG=41 
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 Contaminant MCL or TT1 
(mg/L)2 

Potential health effects from  
exposure above the MCL 

Common sources of 
contaminant in drinking water 

Public  
Health Goal 

OC Chlordane 0.002 Liver or nervous system problems; increased 
risk of cancer 

Residue of banned termiticide zero 

D Chlorine (as Cl2)  MRDL=4.01 Eye/nose irritation; stomach discomfort Water additive used to control 
microbes  

MRDLG=41 

D Chlorine dioxide (as ClO2) MRDL=0.81 Anemia; infants & young children: nervous 
system effects 

Water additive used to control 
microbes 

MRDLG=0.81 

DBP Chlorite  1.0 Anemia; infants & young children: nervous 
system effects 

Byproduct of drinking water 
disinfection 

0.8 

OC Chlorobenzene 0.1 Liver or kidney problems  Discharge from chemical and 
agricultural chemical factories 

0.1 

IOC Chromium (total) 0.1 Allergic dermatitis Discharge from steel and pulp 
mills; erosion of natural deposits 

0.1 

IOC 

Copper TT7;  
Action  
Level =  

1.3 

Short term exposure: Gastrointestinal 
distress. Long term exposure: Liver or kidney 
damage. People with Wilson’s Disease 
should consult their personal doctor if the 
amount of copper in their water exceeds the 
action level 

Corrosion of household plumbing 
systems; erosion of natural 
deposits 

1.3 

M Cryptosporidium TT3 Gastrointestinal illness (e.g., diarrhea, 
vomiting, cramps) 

Human and animal fecal waste zero 

IOC 
Cyanide (as free cyanide) 0.2 Nerve damage or thyroid problems  Discharge from steel/metal 

factories; discharge from plastic 
and fertilizer factories 

0.2 

OC 2,4-D 0.07 Kidney, liver, or adrenal gland problems Runoff from herbicide used on 
row crops 

0.07 

OC Dalapon 0.2 Minor kidney changes Runoff from herbicide used on 
rights of way 

0.2 

OC 
1,2-Dibromo-3-chloropropa
ne (DBCP) 

0.0002 Reproductive difficulties; increased risk of 
cancer 

Runoff/leaching from soil 
fumigant used on soybeans, 
cotton, pineapples, and orchards 

zero 

OC o-Dichlorobenzene 0.6 Liver, kidney, or circulatory system problems Discharge from industrial 
chemical factories 

0.6 

OC p-Dichlorobenzene 0.075 Anemia; liver, kidney or spleen damage; 
changes in blood 

Discharge from industrial 
chemical factories 

0.075 

OC 1,2-Dichloroethane 0.005 Increased risk of cancer  Discharge from industrial 
chemical factories 

zero 

OC 1,1-Dichloroethylene 0.007 Liver problems  Discharge from industrial 
chemical factories 

0.007 

OC cis-1,2-Dichloroethylene 0.07 Liver problems Discharge from industrial 
chemical factories 

0.07 

OC trans-1,2-Dichloroethylene 0.1 Liver problems Discharge from industrial 
chemical factories 

0.1 

OC Dichloromethane 0.005 Liver problems; increased risk of cancer  Discharge from drug and 
chemical factories 

zero 

OC 1,2-Dichloropropane 0.005 Increased risk of cancer  Discharge from industrial 
chemical factories 

zero 

OC Di(2-ethylhexyl) adipate 0.4 Weight loss, live problems, or possible 
reproductive difficulties 

Discharge from chemical 
factories 

0.4 

OC Di(2-ethylhexyl) phthalate 0.006 Reproductive difficulties; liver problems; 
increased risk of cancer 

Discharge from rubber and 
chemical factories 

zero 

OC Dinoseb 0.007 Reproductive difficulties Runoff from herbicide used on 
soybeans and vegetables 

0.007 

OC 
Dioxin (2,3,7,8-TCDD) 0.00000003 Reproductive difficulties; increased risk of 

cancer 
Emissions from waste 
incineration and other 
combustion; discharge from 
chemical factories 

zero 

OC Diquat 0.02 Cataracts  Runoff from herbicide use 0.02 
OC Endothall 0.1 Stomach and intestinal problems  Runoff from herbicide use 0.1 
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 Contaminant MCL or TT1 
(mg/L)2 

Potential health effects from  
exposure above the MCL 

Common sources of 
contaminant in drinking water 

Public  
Health Goal 

OC Endrin 0.002 Liver problems Residue of banned insecticide 0.002 

OC 
Epichlorohydrin TT8 Increased cancer risk, and over a long period 

of time, stomach problems 
Discharge from industrial 
chemical factories; an impurity of 
some water treatment chemicals 

zero 

OC Ethylbenzene 0.7 Liver or kidneys problems Discharge from petroleum 
refineries 

0.7 

OC Ethylene dibromide 0.00005 Problems with liver, stomach, reproductive 
system, or kidneys; increased risk of cancer 

Discharge from petroleum 
refineries 

zero 

IOC 
Fluoride 4.0 Bone disease (pain and tenderness of the 

bones); Children may get mottled teeth 
Water additive which promotes 
strong teeth; erosion of natural 
deposits; discharge from fertilizer 
and aluminum factories 

4.0 

M Giardia lamblia TT3 Gastrointestinal illness (e.g., diarrhea, 
vomiting, cramps) 

Human and animal fecal waste zero 

OC Glyphosate 0.7 Kidney problems; reproductive difficulties  Runoff from herbicide use 0.7 

DBP Haloacetic acids (HAA5)  0.060 Increased risk of cancer Byproduct of drinking water 
disinfection 

n/a6 

OC Heptachlor 0.0004 Liver damage; increased risk of cancer  Residue of banned termiticide zero 
OC Heptachlor epoxide 0.0002 Liver damage; increased risk of cancer  Breakdown of heptachlor zero 

M 

Heterotrophic plate count 
(HPC) 

TT3 HPC has no health effects; it is an analytic 
method used to measure the variety of 
bacteria that are common in water. The lower 
the concentration of bacteria in drinking 
water, the better maintained the water 
system is. 

HPC measures a range of 
bacteria that are naturally present 
in the environment 

n/a 

OC 
Hexachlorobenzene 0.001 Liver or kidney problems; reproductive 

difficulties; increased risk of cancer 
Discharge from metal refineries 
and agricultural chemical 
factories 

zero 

OC Hexachlorocyclopentadien
e 

0.05 Kidney or stomach problems  Discharge from chemical 
factories 

0.05 

IOC 

Lead TT7;  
Action  
Level = 
0.015 

Infants and children: Delays in physical or 
mental development; children could show 
slight deficits in attention span and learning 
abilities; Adults: Kidney problems; high blood 
pressure 

Corrosion of household plumbing 
systems; erosion of natural 
deposits 

zero 

M Legionella TT3 Legionnaire’s Disease, a type of pneumonia Found naturally in water; 
multiplies in heating systems 

zero 

OC Lindane 0.0002 Liver or kidney problems  Runoff/leaching from insecticide 
used on cattle, lumber, gardens 

0.0002 

IOC 
Mercury (inorganic) 0.002 Kidney damage Erosion of natural deposits; 

discharge from refineries and 
factories; runoff from landfills and 
croplands 

0.002 

OC 
Methoxychlor 0.04 Reproductive difficulties  Runoff/leaching from insecticide 

used on fruits, vegetables, alfalfa, 
livestock 

0.04 

IOC 

Nitrate (measured as 
Nitrogen) 

10 Infants below the age of six months who drink 
water containing nitrate in excess of the MCL 
could become seriously ill and, if untreated, 
may die. Symptoms include shortness of 
breath and blue-baby syndrome. 

Runoff from fertilizer use; 
leaching from septic tanks, 
sewage; erosion of natural 
deposits 

10 

IOC 

Nitrite (measured as 
Nitrogen) 

1 Infants below the age of six months who drink 
water containing nitrite in excess of the MCL 
could become seriously ill and, if untreated, 
may die. Symptoms include shortness of 
breath and blue-baby syndrome. 

Runoff from fertilizer use; 
leaching from septic tanks, 
sewage; erosion of natural 
deposits 

1 
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 Contaminant MCL or TT1 
(mg/L)2 

Potential health effects from  
exposure above the MCL 

Common sources of 
contaminant in drinking water 

Public  
Health Goal 

OC 
Oxamyl (Vydate) 0.2 Slight nervous system effects  Runoff/leaching from insecticide 

used on apples, potatoes, and 
tomatoes 

0.2 

OC Pentachlorophenol 0.001 Liver or kidney problems; increased cancer 
risk 

Discharge from wood preserving 
factories 

zero 

OC Picloram 0.5 Liver problems  Herbicide runoff 0.5 

OC 
Polychlorinated biphenyls 
(PCBs) 

0.0005 Skin changes; thymus gland problems; 
immune deficiencies; reproductive or 
nervous system difficulties; increased risk of 
cancer 

Runoff from landfills; discharge of 
waste chemicals  

zero 

R Radium 226 and Radium 
228 (combined) 

5 pCi/L Increased risk of cancer  Erosion of natural deposits zero 

IOC 
Selenium 0.05 Hair or fingernail loss; numbness in fingers or 

toes; circulatory problems 
Discharge from petroleum 
refineries; erosion of natural 
deposits; discharge from mines 

0.05 

OC Simazine 0.004 Problems with blood Herbicide runoff 0.004 

OC Styrene 0.1 Liver, kidney, or circulatory system problems Discharge from rubber and plastic 
factories; leaching from landfills 

0.1 

OC Tetrachloroethylene 0.005 Liver problems; increased risk of cancer Discharge from factories and dry 
cleaners 

zero 

IOC 
Thallium 0.002 Hair loss; changes in blood; kidney, intestine, 

or liver problems 
Leaching from ore-processing 
sites; discharge from electronics, 
glass, and drug factories 

0.0005 

OC Toluene 1 Nervous system, kidney, or liver problems Discharge from petroleum 
factories 

1 

M 

Total Coliforms (including 
fecal coliform and E. coli) 

5.0%4 Not a health threat in itself; it is used to 
indicate whether other potentially harmful 
bacteria may be present5 

Coliforms are naturally present in 
the environment as well as feces; 
fecal coliforms and E. coli only 
come from human and animal 
fecal waste. 

zero 

DBP 
Total Trihalomethanes 
(TTHMs) 

0.10 
0.080  
after 

12/31/03 

Liver, kidney or central nervous system 
problems; increased risk of cancer 

Byproduct of drinking water 
disinfection 

n/a6 

OC Toxaphene 0.003 Kidney, liver, or thyroid problems; increased 
risk of cancer 

Runoff/leaching from insecticide 
used on cotton and cattle 

zero 

OC 2,4,5-TP (Silvex) 0.05 Liver problems  Residue of banned herbicide 0.05 

OC 1,2,4-Trichlorobenzene 0.07 Changes in adrenal glands Discharge from textile finishing 
factories 

0.07 

OC 1,1,1-Trichloroethane 0.2 Liver, nervous system, or circulatory 
problems 

Discharge from metal degreasing 
sites and other factories 

0.20 

OC 1,1,2-Trichloroethane 0.005 Liver, kidney, or immune system problems Discharge from industrial 
chemical factories 

0.003 

OC Trichloroethylene 0.005 Liver problems; increased risk of cancer  Discharge from metal degreasing 
sites and other factories 

zero 

M 

Turbidity TT3 Turbidity is a measure of the cloudiness of 
water. It is used to indicate water quality and 
filtration effectiveness (e.g., whether 
disease-causing organisms are present). 
Higher turbidity levels are often associated 
with higher levels of disease-causing 
micro-organisms such as viruses, parasites 
and some bacteria. These organisms can 
cause symptoms such as nausea, cramps, 
diarrhea, and associated headaches. 

Soil runoff n/a 

R 
Uranium 30 ug/L  

as of 
12/08/03 

Increased risk of cancer, kidney toxicity Erosion of natural deposits zero 
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 Contaminant MCL or TT1 
(mg/L)2 

Potential health effects from  
exposure above the MCL 

Common sources of 
contaminant in drinking water 

Public  
Health Goal 

OC Vinyl chloride 0.002 Increased risk of cancer Leaching from PVC pipes; 
discharge from plastic factories 

zero 

M Viruses (enteric) TT3 Gastrointestinal illness (e.g., diarrhea, 
vomiting, cramps) 

Human and animal fecal waste zero 

OC 
Xylenes (total) 10 Nervous system damage  Discharge from petroleum 

factories; discharge from 
chemical factories 

10 

 
NOTES 
1 Definitions 

• Maximum Contaminant Level Goal (MCLG)—The level of a contaminant in drinking water below which there is no known or expected risk to health. MCLGs allow for a margin of safety and are non-enforceable public health goals. 

• Maximum Contaminant Level (MCL)—The highest level of a contaminant that is allowed in drinking water. MCLs are set as close to MCLGs as feasible using the best available treatment technology and taking cost into 
consideration. MCLs are enforceable standards. 

• Maximum Residual Disinfectant Level Goal (MRDLG)—The level of a drinking water disinfectant below which there is no known or expected risk to health. MRDLGs do not reflect the benefits of the use of disinfectants to control 
microbial contaminants.  

• Maximum Residual Disinfectant Level (MRDL)—The highest level of a disinfectant allowed in drinking water. There is convincing evidence that addition of a disinfectant is necessary for control of microbial contaminants. 

• Treatment Technique (TT)—A required process intended to reduce the level of a contaminant in drinking water. 

2 Units are in milligrams per liter (mg/L) unless otherwise noted. Milligrams per liter are equivalent to parts per million (ppm). 

3 EPA’s surface water treatment rules require systems using surface water or ground water under the direct influence of surface water to (1) disinfect their water, and (2) filter their water or meet criteria for avoiding filtration so that the 
following contaminants are controlled at the following levels: 

• Cryptosporidium (as of 1/1/02 for systems serving >10,000 and 1/14/05 for systems serving <10,000) 99% removal. 

• Giardia lamblia: 99.9% removal/inactivation 

• Viruses: 99.99% removal/inactivation 

• Legionella: No limit, but EPA believes that if Giardia and viruses are removed/inactivated, Legionella will also be controlled. 

• Turbidity: At no time can turbidity (cloudiness of water) go above 5 nephelolometric turbidity units (NTU); systems that filter must ensure that the turbidity go no higher than 1 NTU (0.5 NTU for conventional or direct filtration) in 
at least 95% of the daily samples in any month. As of January 1, 2002, for systems servicing >10,000, and January 14, 2005, for systems servicing <10,000, turbidity may never exceed 1 NTU, and must not exceed 0.3 NTU in 
95% of daily samples in any month. 

• HPC: No more than 500 bacterial colonies per milliliter 

• Long Term 1 Enhanced Surface Water Treatment (Effective Date: January 14, 2005); Surface water systems or (GWUDI) systems serving fewer than 10,000 people must comply with the applicable Long Term 1 Enhanced 
Surface Water Treatment Rule provisions (e.g. turbidity standards, individual filter monitoring, Cryptosporidium removal requirements, updated watershed control requirements for unfiltered systems). 

• Filter Backwash Recycling: The Filter Backwash Recycling Rule requires systems that recycle to return specific recycle flows through all processes of the system’s existing conventional or direct filtration system or at an alternate 
location approved by the state. 

4 No more than 5.0% samples total coliform-positive in a month. (For water systems that collect fewer than 40 routine samples per month, no more than one sample can be total coliform-positive per month.) Every sample that has total 
coliform must be analyzed for either fecal coliforms or E. coli if two consecutive TC-positive samples, and one is also positive for E. coli fecal coliforms, system has an acute MCL violation.  

5 Fecal coliform and E. coli are bacteria whose presence indicates that the water may be contaminated with human or animal wastes. Disease-causing microbes (pathogens) in these wastes can cause diarrhea, cramps, nausea, 
headaches, or other symptoms. These pathogens may pose a special health risk for infants, young children, and people with severely compromised immune systems. 

6 Although there is no collective MCLG for this contaminant group, there are individual MCLGs for some of the individual contaminants:  

• Haloacetic acids: dichloroacetic acid (zero); trichloroacetic acid (0.3 mg/L) 

• Trihalomethanes: bromodichloromethane (zero); bromoform (zero); dibromochloromethane (0.06 mg/L) 

7 Lead and copper are regulated by a Treatment Technique that requires systems to control the corrosiveness of their water. If more than 10% of tap water samples exceed the action level, water systems must take additional steps. 
For copper, the action level is 1.3 mg/L, and for lead is 0.015 mg/L. 

8 Each water system must certify, in writing, to the state (using third-party or manufacturers certification) that when it uses acrylamide and/or epichlorohydrin to treat water, the combination (or product) of dose and monomer level does 
not exceed the levels specified, as follows: Acrylamide = 0.05% dosed at 1 mg/L (or equivalent); Epichlorohydrin = 0.01% dosed at 20 mg/L (or equivalent). 
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National Secondary Drinking Water Standards 
 
National Secondary Drinking Water Standards are non-enforceable guidelines regulating contaminants that may cause cosmetic effects (such as skin or 
tooth discoloration) or aesthetic effects (such as taste, odor, or color) in drinking water. EPA recommends secondary standards to water systems but does 
not require systems to comply. However, states may choose to adopt them as enforceable standards. 
 

Contaminant Secondary Standard 
Aluminum 0.05 to 0.2 mg/L 
Chloride 250 mg/L 
Color 15 (color units) 
Copper 1.0 mg/L 
Corrosivity noncorrosive 
Fluoride 2.0 mg/L 
Foaming Agents 0.5 mg/L 
Iron 0.3 mg/L 
Manganese 0.05 mg/L 
Odor 3 threshold odor number 
pH 6.5-8.5 
Silver 0.10 mg/L 
Sulfate 250 mg/L 
Total Dissolved Solids 500 mg/L 
Zinc 5 mg/L 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Office of Water (4606M) 
EPA 816-F-03-016 
www.epa.gov/safewater 
June 2003 
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SUBCHAPTER A—HAZARDOUS MATERIALS AND OIL 
TRANSPORTATION

PART 105—HAZARDOUS MATERIALS 
PROGRAM DEFINITIONS AND 
GENERAL PROCEDURES

Subpart A—Definitions

Sec.
105.5 Definitions.

Subpart B—General Procedures

105.15 Defined terms used in this subpart.

OBTAINING GUIDANCE AND PUBLIC 
INFORMATION 

105.20 Guidance and interpretations. 
105.25 Reviewing public documents. 
105.26 Obtaining records on file with RSPA. 
105.30 Information made available to the 

public and request for confidential treat-
ment.

SERVING DOCUMENTS 

105.35 Serving documents in RSPA pro-
ceedings. 

105.40 Designated agents for non-residents.

SUBPOENAS 

105.45 Issuing a subpoena. 
105.50 Serving a subpoena. 
105.55 Refusal to obey a subpoena.

AUTHORITY: 49 U.S.C. 5101–5127; 49 CFR 1.53.

SOURCE: 67 FR 42951, June 25, 2002, unless 
otherwise noted.

Subpart A—Definitions

§ 105.5 Definitions. 
(a) This part contains the definitions 

for certain words and phrases used 
throughout this subchapter (49 CFR 
parts 105 through 110). At the beginning 
of each subpart, the Research and Spe-
cial Programs Administration 
(‘‘RSPA’’ or ‘‘we’’) will identify the de-
fined terms that are used within the 
subpart—by listing them—and refer the 
reader to the definitions in this part. 
This way, readers will know that RSPA 
has given a term a precise meaning and 
will know where to look for it. 

(b) Terms used in this part are de-
fined as follows: 

Associate Administrator means Asso-
ciate Administrator for Hazardous Ma-

terials Safety, Research and Special 
Programs Administration. 

Approval means written consent, in-
cluding a competent authority ap-
proval, from the Associate Adminis-
trator or other designated Department 
official, to perform a function that re-
quires prior consent under subchapter 
C of this chapter (49 CFR parts 171 
through 180). 

Competent Authority means a national 
agency that is responsible, under its 
national law, for the control or regula-
tion of some aspect of hazardous mate-
rials (dangerous goods) transportation. 
Another term for Competent Authority 
is ‘‘Appropriate authority’’ which is 
used in the International Civil Avia-
tion Organization’s (ICAO) Technical 
Instructions for the Safe Transport of 
Dangerous Goods by Air. The Associate 
Administrator is the United States 
Competent Authority for purposes of 49 
CFR part 107. 

Competent Authority Approval means 
an approval by the competent author-
ity that is required under an inter-
national standard (for example, the 
ICAO Technical Instructions for the 
Safe Transport of Dangerous Goods by 
Air and the International Maritime 
Dangerous Goods Code). Any of the fol-
lowing may be considered a competent 
authority approval if it satisfies the re-
quirement of an international stand-
ard: 

(1) A specific regulation in sub-
chapter A or C of this chapter. 

(2) An exemption or approval issued 
under subchapter A or C of this chap-
ter. 

(3) A separate document issued to one 
or more persons by the Associate Ad-
ministrator. 

Exemption means a document issued 
by the Associate Administrator under 
the authority of 49 U.S.C. 5117. The doc-
ument permits a person to perform a 
function that is not otherwise per-
mitted under subchapter A or C of this 
chapter, or other regulations issued 
under 49 U.S.C. 5101 et seq. (e.g., Federal 
Motor Carrier Safety routing require-
ments.) 
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49 CFR Ch. I (10–1–03 Edition)§ 105.15

Federal hazardous material transpor-
tation law means 49 U.S.C. 5101 et seq. 

File or Filed means received by the 
appropriate RSPA or other designated 
office within the time specified in a 
regulation or rulemaking document. 

Hazardous material means a substance 
or material that the Secretary of 
Transportation has determined is capa-
ble of posing an unreasonable risk to 
health, safety, and property when 
transported in commerce, and has des-
ignated as hazardous under section 5103 
of Federal hazardous materials trans-
portation law (49 U.S.C. 5103). The term 
includes hazardous substances, haz-
ardous wastes, marine pollutants, ele-
vated temperature materials, mate-
rials designated as hazardous in the 
Hazardous Materials Table (see 49 CFR 
172.101), and materials that meet the 
defining criteria for hazard classes and 
divisions in part 173 of subchapter C of 
this chapter. 

Hazardous Materials Regulations or 
HMR means the regulations at 49 CFR 
parts 171 through 180. 

Indian tribe has the same meaning 
given that term in section 4 of the In-
dian Self-Determination and Education 
Assistance Act (25 U.S.C. 450b). 

Person means an individual, firm, co-
partnership, corporation, company, as-
sociation, or joint-stock association 
(including any trustee, receiver, as-
signee, or similar representative); or a 
government or Indian tribe (or an 
agency or instrumentality of any gov-
ernment or Indian tribe) that trans-
ports a hazardous material to further a 
commercial enterprise or offers a haz-
ardous material for transportation in 
commerce. Person does not include the 
following: 

(1) The United States Postal Service. 
(2) Any agency or instrumentality of 

the Federal government, for the pur-
poses of 49 U.S.C. 5123 (civil penalties) 
and 5124 (criminal penalties). 

(3) Any government or Indian tribe 
(or an agency or instrumentality of 
any government or Indian tribe) that 
transports hazardous material for a 
governmental purpose. 

Political subdivision means a munici-
pality; a public agency or other instru-
mentality of one or more States, mu-
nicipalities, or other political body of a 
State; or a public corporation, board, 

or commission established under the 
laws of one or more States. 

Preemption determination means an 
administrative decision by the Asso-
ciate Administrator that Federal haz-
ardous materials law does or does not 
void a specific State, political subdivi-
sion, or Indian tribe requirement. 

Regulations issued under Federal haz-
ardous material transportation law in-
clude this subchapter A (parts 105–110) 
and subchapter C (parts 171–180) of this 
chapter, certain regulations in chapter 
I (United States Coast Guard) of title 
46, Code of Federal Regulations, and in 
chapters III (Federal Motor Carrier 
Safety Administration) and XII (Trans-
portation Security Administration) of 
subtitle B of this title, as indicated by 
the authority citations therein. 

State means a State of the United 
States, the District of Columbia, the 
Commonwealth of Puerto Rico, the 
Commonwealth of the Northern Mar-
iana Islands, the Virgin Islands, Amer-
ican Samoa, Guam, or any other terri-
tory or possession of the United States 
designated by the Secretary. 

Transports or Transportation means 
the movement of property and loading, 
unloading, or storage incidental to the 
movement. 

Waiver of Preemption means a decision 
by the Associate Administrator to fore-
go preemption of a non-Federal re-
quirement—that is, to allow a State, 
political subdivision or Indian tribe re-
quirement to remain in effect. The 
non-Federal requirement must provide 
at least as much public protection as 
the Federal hazardous materials trans-
portation law and the regulations 
issued under Federal hazardous mate-
rials transportation law, and may not 
unreasonably burden commerce. 

[67 FR 42951, June 25, 2002, as amended at 68 
FR 52846, Sept. 8, 2003]

Subpart B—General Procedures

§ 105.15 Defined terms used in this 
subpart. 

The following defined terms (see sub-
part A of this part) appear in this sub-
part: Approval; Exemption; Federal 
hazardous material transportation law; 
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Federal hazardous material transpor-
tation law means 49 U.S.C. 5101 et seq. 

File or Filed means received by the 
appropriate RSPA or other designated 
office within the time specified in a 
regulation or rulemaking document. 

Hazardous material means a substance 
or material that the Secretary of 
Transportation has determined is capa-
ble of posing an unreasonable risk to 
health, safety, and property when 
transported in commerce, and has des-
ignated as hazardous under section 5103 
of Federal hazardous materials trans-
portation law (49 U.S.C. 5103). The term 
includes hazardous substances, haz-
ardous wastes, marine pollutants, ele-
vated temperature materials, mate-
rials designated as hazardous in the 
Hazardous Materials Table (see 49 CFR 
172.101), and materials that meet the 
defining criteria for hazard classes and 
divisions in part 173 of subchapter C of 
this chapter. 

Hazardous Materials Regulations or 
HMR means the regulations at 49 CFR 
parts 171 through 180. 

Indian tribe has the same meaning 
given that term in section 4 of the In-
dian Self-Determination and Education 
Assistance Act (25 U.S.C. 450b). 

Person means an individual, firm, co-
partnership, corporation, company, as-
sociation, or joint-stock association 
(including any trustee, receiver, as-
signee, or similar representative); or a 
government or Indian tribe (or an 
agency or instrumentality of any gov-
ernment or Indian tribe) that trans-
ports a hazardous material to further a 
commercial enterprise or offers a haz-
ardous material for transportation in 
commerce. Person does not include the 
following: 

(1) The United States Postal Service. 
(2) Any agency or instrumentality of 

the Federal government, for the pur-
poses of 49 U.S.C. 5123 (civil penalties) 
and 5124 (criminal penalties). 

(3) Any government or Indian tribe 
(or an agency or instrumentality of 
any government or Indian tribe) that 
transports hazardous material for a 
governmental purpose. 

Political subdivision means a munici-
pality; a public agency or other instru-
mentality of one or more States, mu-
nicipalities, or other political body of a 
State; or a public corporation, board, 

or commission established under the 
laws of one or more States. 

Preemption determination means an 
administrative decision by the Asso-
ciate Administrator that Federal haz-
ardous materials law does or does not 
void a specific State, political subdivi-
sion, or Indian tribe requirement. 

Regulations issued under Federal haz-
ardous material transportation law in-
clude this subchapter A (parts 105–110) 
and subchapter C (parts 171–180) of this 
chapter, certain regulations in chapter 
I (United States Coast Guard) of title 
46, Code of Federal Regulations, and in 
chapters III (Federal Motor Carrier 
Safety Administration) and XII (Trans-
portation Security Administration) of 
subtitle B of this title, as indicated by 
the authority citations therein. 

State means a State of the United 
States, the District of Columbia, the 
Commonwealth of Puerto Rico, the 
Commonwealth of the Northern Mar-
iana Islands, the Virgin Islands, Amer-
ican Samoa, Guam, or any other terri-
tory or possession of the United States 
designated by the Secretary. 

Transports or Transportation means 
the movement of property and loading, 
unloading, or storage incidental to the 
movement. 

Waiver of Preemption means a decision 
by the Associate Administrator to fore-
go preemption of a non-Federal re-
quirement—that is, to allow a State, 
political subdivision or Indian tribe re-
quirement to remain in effect. The 
non-Federal requirement must provide 
at least as much public protection as 
the Federal hazardous materials trans-
portation law and the regulations 
issued under Federal hazardous mate-
rials transportation law, and may not 
unreasonably burden commerce. 

[67 FR 42951, June 25, 2002, as amended at 68 
FR 52846, Sept. 8, 2003]

Subpart B—General Procedures

§ 105.15 Defined terms used in this 
subpart. 

The following defined terms (see sub-
part A of this part) appear in this sub-
part: Approval; Exemption; Federal 
hazardous material transportation law; 
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Hazardous material; Hazardous mate-
rials regulations; Indian tribe; Preemp-
tion determination; State; Transpor-
tation; Waiver of preemption

OBTAINING GUIDANCE AND PUBLIC 
INFORMATION

§ 105.20 Guidance and interpretations. 
(a) Hazardous materials regulations. 

You can obtain information and an-
swers to your questions on compliance 
with the hazardous materials regula-
tions (49 CFR parts 171 through 180) and 
interpretations of those regulations by 
contacting RSPA’s Office of Hazardous 
Materials Safety as follows: 

(1) Call the Hazardous Materials In-
formation Center at 1–800–467–4922 (in 
Washington, DC, call 202–366–4488). The 
Center is staffed from 9 a.m. through 5 
p.m. Eastern time, Monday through 
Friday except Federal holidays. After 
hours, you can leave a recorded mes-
sage and your call will be returned by 
the next business day. 

(2) E-mail the Hazardous Materials 
Information Center at 
infocntr@rspa.dot.gov. 

(3) Access the Office of Hazardous 
Materials Safety home page via the 
Internet at http://hazmat.dot.gov. 

(4) Send a letter, with your return 
address and a daytime telephone num-
ber, to: Office of Hazardous Materials 
Standards, Research and Special Pro-
grams Administration, Attn: DHM–10, 
U.S. Department of Transportation, 400 
7th Street SW., Washington, DC 20590–
0001. 

(b) Federal hazardous materials trans-
portation law and preemption. You can 
obtain information and answers to 
your questions on Federal hazardous 
materials transportation law, 49 U.S.C. 
5101 et seq., and Federal preemption of 
State, local, and Indian tribe hazardous 
material transportation requirements, 
by contacting RSPA’s Office of the 
Chief Counsel as follows: 

(1) Call the office of the Chief Coun-
sel at (202) 366–4400 from 9 a.m. to 5 
p.m. Eastern time, Monday through 
Friday except Federal holidays. 

(2) Access the Office of the Chief 
Counsel’s home page via the Internet 
at http://rspa-atty.dot.gov. 

(3) Send a letter, with your return 
address and a daytime telephone num-

ber, to: Office of the Chief Counsel, Re-
search and Special Programs Adminis-
tration, Attn: DCC–10, U.S. Department 
of Transportation, Washington, DC 
20590–0001. 

(4) Contact the Office of the Chief 
Counsel for a copy of applications for 
preemption determinations, waiver of 
preemption determinations, and incon-
sistency rulings received by RSPA be-
fore February 1, 1997.

§ 105.25 Reviewing public documents. 
RSPA is required by statute to make 

certain documents and information 
available to the public. You can review 
and copy publicly available documents 
and information at the locations de-
scribed in this section. 

(a) DOT Docket Management System. 
Unless a particular document says oth-
erwise, the following documents are 
available for public review and copying 
at the Department of Transportation’s 
Docket Management System, Room PL 
401, 400 7th Street, SW., Washington, 
DC 20590–0001, or for review and 
downloading through the Internet at 
http://dms.dot.gov:

(1) Rulemaking documents in pro-
ceedings started after February 1, 1997, 
including notices of proposed rule-
making, advance notices of proposed 
rulemaking, public comments, related 
FEDERAL REGISTER notices, final rules, 
appeals, and RSPA’s decisions in re-
sponse to appeals. 

(2) Applications for exemption num-
bered DOT–E 11832 and above. Also 
available are supporting data, memo-
randa of any informal meetings with 
applicants, related FEDERAL REGISTER 
notices, public comments, and deci-
sions granting or denying exemptions 
applications. 

(3) Applications for preemption de-
terminations and waiver of preemption 
determinations received by RSPA after 
February 1, 1997. Also available are 
public comments, FEDERAL REGISTER 
notices, and RSPA’s rulings, deter-
minations, decisions on reconsider-
ation, and orders issued in response to 
those applications. 

(b) Office of Hazardous Materials Safe-
ty. (1) You may obtain documents (e.g., 
proposed and final rules, notices, let-
ters of clarification, safety notices, 
DOT forms and other documents) by 
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(4) Contact the Office of the Chief 
Counsel for a copy of applications for 
preemption determinations, waiver of 
preemption determinations, and incon-
sistency rulings received by RSPA be-
fore February 1, 1997.

§ 105.25 Reviewing public documents. 
RSPA is required by statute to make 

certain documents and information 
available to the public. You can review 
and copy publicly available documents 
and information at the locations de-
scribed in this section. 

(a) DOT Docket Management System. 
Unless a particular document says oth-
erwise, the following documents are 
available for public review and copying 
at the Department of Transportation’s 
Docket Management System, Room PL 
401, 400 7th Street, SW., Washington, 
DC 20590–0001, or for review and 
downloading through the Internet at 
http://dms.dot.gov:

(1) Rulemaking documents in pro-
ceedings started after February 1, 1997, 
including notices of proposed rule-
making, advance notices of proposed 
rulemaking, public comments, related 
FEDERAL REGISTER notices, final rules, 
appeals, and RSPA’s decisions in re-
sponse to appeals. 

(2) Applications for exemption num-
bered DOT–E 11832 and above. Also 
available are supporting data, memo-
randa of any informal meetings with 
applicants, related FEDERAL REGISTER 
notices, public comments, and deci-
sions granting or denying exemptions 
applications. 

(3) Applications for preemption de-
terminations and waiver of preemption 
determinations received by RSPA after 
February 1, 1997. Also available are 
public comments, FEDERAL REGISTER 
notices, and RSPA’s rulings, deter-
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those applications. 
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proposed and final rules, notices, let-
ters of clarification, safety notices, 
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SUBCHAPTER C—HAZARDOUS MATERIALS REGULATIONS

PART 171—GENERAL INFORMA-
TION, REGULATIONS, AND DEFI-
NITIONS

Sec.
171.1 Purpose and scope. 
171.2 General requirements. 
171.3 Hazardous waste. 
171.4 Marine pollutants. 
171.6 Control numbers under the Paperwork 

Reduction Act. 
171.7 Reference material. 
171.8 Definitions and abbreviations. 
171.9 Rules of construction. 
171.10 Units of measure. 
171.11 Use of ICAO Technical Instructions. 
171.12 Import and export shipments. 
171.12a Canadian shipments and packagings. 
171.14 Transitional provisions for imple-

menting certain requirements. 
171.15 Immediate notice of certain haz-

ardous materials incidents. 
171.16 Detailed hazardous materials inci-

dent reports. 
171.17–171.18 [Reserved] 
171.19 Approvals or authorizations issued by 

the Bureau of Explosives. 
171.20 Submission of Examination Reports. 
171.21 Assistance in investigations and spe-

cial studies.

AUTHORITY: 49 U.S.C. 5101–5127, 44701; 49 
CFR 1.45 and 1.53; Pub. L. 101–410 section 4 (28 
U.S.C. 2461 note); Pub. L. 104–134 section 
31001.

§ 171.1 Purpose and scope. 
(a) This subchapter prescribes re-

quirements of the Department gov-
erning— 

(1) The offering of hazardous mate-
rials for transportation and transpor-
tation of hazardous materials in inter-
state, intrastate, and foreign com-
merce by rail car, aircraft, motor vehi-
cle, and vessel (except as delegated at 
§ 1.46(t) of this title). 

(2) The representation that a haz-
ardous material is present in a pack-
age, container, rail car, aircraft, motor 
vehicle, or vessel. 

(3) The manufacture, fabrication, 
marking, maintenance, reconditioning, 
repairing, or testing of a packaging or 
container which is represented, 
marked, certified, or sold for use in 
transportation of hazardous materials. 

(4) The use of terms and symbols pre-
scribed in this subchapter for the 

marking, labeling, placarding and de-
scription of hazardous materials and 
packagings used in their transport. 

(b) Any person who, under contract 
with any department, agency, or in-
strumentality of the executive, legisla-
tive, or judicial branch of the Federal 
Government, transports, or causes to 
be transported or shipped, a hazardous 
material or manufactures, fabricates, 
marks, maintains, reconditions, re-
pairs, or tests a package or container 
which is represented, marked, cer-
tified, or sold by such person as quali-
fied for use in the transportation of a 
hazardous material shall be subject to 
and comply with all provisions of the 
Federal hazardous materials transpor-
tation law, all orders and regulations 
issued thereunder, and all other sub-
stantive and procedural requirements 
of Federal, State, and local govern-
ments and Indian tribes (except any 
such requirements that have been pre-
empted by the Federal hazardous mate-
rials transportation law or any other 
Federal law), in the same manner and 
to the same extent as any person en-
gaged in such activities that are in or 
affect commerce is subject to such pro-
visions, orders, regulations, and re-
quirements. 

(c) Any person who knowingly vio-
lates a requirement of the Federal haz-
ardous material transportation law, an 
order issued thereunder, subchapter A, 
an exemption issued under subchapter 
A, of this subchapter, is liable for a 
civil penalty of not more than $32,500 
and not less than $275 for each viola-
tion. (For a violation that occurred 
after January 21, 1997, and before Octo-
ber 1, 2003, the maximum and minimum 
civil penalties are $27,500 and $250, re-
spectively.) When the violation is a 
continuing one and involves the trans-
porting of hazardous materials or the 
causing of them to be transported or 
shipped, each day of the violation con-
stitutes a separate offense. Any person 
who knowingly violates § 171.2(g) of this 
subchapter or willfully violates a pro-
vision of the Federal hazardous mate-
rial transportation law or an order or 
regulation issued thereunder shall be 
fined under Title 18, United States 
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Code, or imprisoned for not more than 
5 years, or both. 

[Amdt. 171–150, 62 FR 1215, Jan. 8, 1997, as 
amended by Amdt. 171–152, 62 FR 2977, Jan. 
21, 1997; Amdt. 171–154, 62 FR 49566, Sept. 22, 
1997; 65 FR 58618, Sept. 29, 2000; 66 FR 45378, 
Aug. 28, 2001; 68 FR 52856, Sept. 8, 2003]

§ 171.2 General requirements. 
(a) No person may offer or accept a 

hazardous material for transportation 
in commerce unless that person is reg-
istered in conformance with subpart G 
of part 107 of this chapter, if applicable, 
and the hazardous material is properly 
classed, described, packaged, marked, 
labeled, and in condition for shipment 
as required or authorized by applicable 
requirements of this subchapter, or an 
exemption, approval or registration 
issued under this subchapter or sub-
chapter A of this chapter. 

(b) No person may transport a haz-
ardous material in commerce unless 
that person is registered in conform-
ance with subpart G of part 107 of this 
chapter, if applicable, and the haz-
ardous material is handled and trans-
ported in accordance with applicable 
requirements of this subchapter, or an 
exemption, approval or registration 
issued under this subchapter or sub-
chapter A of this chapter. 

(c) No person may represent, mark, 
certify, sell, or offer a packaging or 
container as meeting the requirements 
of this subchapter or an exemption, ap-
proval or registration issued under this 
subchapter or subchapter A of this 
chapter, governing its use in the trans-
portation in commerce of a hazardous 
material, whether or not it is used or 
intended to be used for the transpor-
tation of a hazardous material, unless 
the packaging or container is manufac-
tured, fabricated, marked, maintained, 
reconditioned, repaired and retested, as 
appropriate, in accordance with appli-
cable requirements of this subchapter, 
or an exemption, approval or registra-
tion issued under this subchapter or 
subchapter A of this chapter. 

(d) The representations, markings, 
and certifications subject to the prohi-
bitions of paragraph (c) of this section 
include, but are not limited to— 

(1) Specification identifications that 
include the letters ‘‘ICC,’’ ‘‘DOT,’’ 
‘‘CTC,’’ ‘‘MC,’’ or ‘‘UN’’; 

(2) Exemption, approval, and reg-
istration numbers that include the let-
ters ‘‘DOT,’’ ‘‘EX,’’ ‘‘M,’’ or ‘‘R’’; and 

(3) Test dates associated with speci-
fication, registration, approval, retest, 
exemption, or requalification identi-
fication number (RIN) markings indi-
cating compliance with a test or retest 
requirement of this subchapter, or an 
exemption, an approval, or a registra-
tion issued under this subchapter or 
subchapter A of this chapter. 

(e) When a person performs a func-
tion covered by or having an effect on 
a specification prescribed in part 178, 
179 or 180 of this subchapter, an ap-
proval issued under this subchapter, or 
an exemption issued under subpart B of 
this chapter, that person must perform 
the function in accordance with that 
specification, approval, or exemption, 
as appropriate. 

(f) No person shall, by marking or 
otherwise, represent that— 

(1) A container or package for the 
transportation of hazardous materials 
is safe, certified, or in compliance with 
the requirements of this title unless it 
meets the requirements of all applica-
ble regulations issued under the Fed-
eral hazardous material transportation 
law; or 

(2) A hazardous material is present in 
a package, container, motor vehicle, 
rail car, aircraft, or vessel, if the haz-
ardous material is not present. 

(g) No person shall unlawfully alter, 
remove, deface, destroy, or otherwise 
tamper with— 

(1) Any marking, label, placard, or 
description on a document required by 
the Federal hazardous material trans-
portation law, or the regulations issued 
thereunder; or 

(2) Any package, container, motor ve-
hicle, rail car, aircraft, or vessel used 
for the transportation of hazardous 
materials. 

(h) No person shall— 
(1) Falsify or alter an exemption, ap-

proval, registration or other grant of 
authority issued under this subchapter 
or subchapter A of this chapter; or 

(2) Offer a hazardous material for 
transportation or transport a haz-
ardous material in commerce, or rep-
resent, mark, certify, or sell a pack-
aging or container, under a false or al-
tered exemption, approval, registration 
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Aug. 28, 2001; 68 FR 52856, Sept. 8, 2003]
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fication number (RIN) markings indi-
cating compliance with a test or retest 
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(e) When a person performs a func-
tion covered by or having an effect on 
a specification prescribed in part 178, 
179 or 180 of this subchapter, an ap-
proval issued under this subchapter, or 
an exemption issued under subpart B of 
this chapter, that person must perform 
the function in accordance with that 
specification, approval, or exemption, 
as appropriate. 

(f) No person shall, by marking or 
otherwise, represent that— 

(1) A container or package for the 
transportation of hazardous materials 
is safe, certified, or in compliance with 
the requirements of this title unless it 
meets the requirements of all applica-
ble regulations issued under the Fed-
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description on a document required by 
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portation law, or the regulations issued 
thereunder; or 
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proval, registration or other grant of 
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(2) Offer a hazardous material for 
transportation or transport a haz-
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or other grant of authority issued 
under this subchapter or subchapter A 
of this chapter. 

[Amdt. 171–70, 48 FR 2655, Jan. 20, 1983, as 
amended by Amdt. No. 171–100, 54 FR 25004, 
June 12, 1989; Amdt. 171–12, 56 FR 8624, Feb. 
28, 1991; Amdt. No. 171–115, 57 FR 30631, July 
9, 1992; 57 FR 37902, Aug. 21, 1992; Amdt. No. 
171–120, 58 FR 33305, June 16, 1993; Amdt. 171–
2, 59 FR 49132, Sept. 26, 1994; Amdt. 171–141, 61 
FR 21101, May 9, 1996; 64 FR 10752, Mar. 5, 
1999; 67 FR 51640, Aug. 8, 2002]

§ 171.3 Hazardous waste. 
(a) No person may offer for transpor-

tation or transport a hazardous waste 
(as defined in § 171.8 of this subchapter) 
in interstate or intrastate commerce 
except in accordance with the require-
ments of this subchapter. 

(b) No person may accept for trans-
portation, transport, or deliver a haz-
ardous waste for which a manifest is 
required unless that person: 

(1) Has marked each motor vehicle 
used to transport hazardous waste in 
accordance with § 390.21 or § 1058.2 of 
this title even though placards may 
not be required; 

(2) Complies with the requirements 
for manifests set forth in § 172.205 of 
this subchapter; and 

(3) Delivers, as designated on the 
manifest by the generator, the entire 
quantity of the waste received from the 
generator or a transporter to: 

(i) The designated facility or, if not 
possible, to the designated alternate fa-
cility; 

(ii) The designated subsequent car-
rier; or 

(iii) A designated place outside the 
United States.

NOTE: Federal law specifies penalties up to 
$250,000 fine for an individual and $500,000 for 
a company and 5 years imprisonment for the 
willful discharge of hazardous waste at other 
than designated facilities. 49 U.S.C. 5124.

(c) If a discharge of hazardous waste 
or other hazardous material occurs 
during transportation, and an official 
of a State or local government or a 
Federal agency, acting within the 
scope of his official responsibilities, de-
termines that immediate removal of 
the waste is necessary to prevent fur-
ther consequence, that official may au-
thorize the removal of the waste with-
out the preparation of a manifest. 

[NOTE: In such cases, EPA does not re-
quire carriers to have EPA identifica-
tion numbers.]

NOTE 1: EPA requires shippers (generators) 
and carriers (transporters) of hazardous 
wastes to have identification numbers which 
must be displayed on hazardous waste mani-
fests. See 40 CFR parts 262 and 263. (Identi-
fication number application forms may be 
obtained from EPA regional offices.)

NOTE 2: In 40 CFR part 263, the EPA sets 
forth requirements for the cleanup of re-
leases of hazardous wastes.

[Amdt. 171–53, 45 FR 34586, May 22, 1980, as 
amended by Amdt. 171–53, 45 FR 74648, Nov. 
10, 1980; Amdt. 171–78, 49 FR 10510, Mar. 20, 
1984; Amdt. 171–107, 54 FR 40068, Sept. 29, 1989; 
Amdt. 171–111, 55 FR 52466, Dec. 21, 1990; 56 
FR 66157, Dec. 20, 1991; Amdt. 171–2, 59 FR 
49132, Sept. 26, 1994; Amdt. 171–141, 61 FR 
21102, May 9, 1996]

§ 171.4 Marine pollutants. 

(a) Except as provided in paragraph 
(c) of this section, no person may offer 
for transportation or transport a ma-
rine pollutant, as defined in § 171.8, in 
intrastate or interstate commerce ex-
cept in accordance with the require-
ments of this subchapter. 

(b) The requirements of this sub-
chapter for the transportation of ma-
rine pollutants are based on the provi-
sions of Annex III of the 1973 Inter-
national Convention for Prevention of 
Pollution from Ships, as modified by 
the Protocol of 1978 (MARPOL 73/78). 

(c) Exceptions. Except when trans-
ported aboard vessel, the requirements 
of this subchapter specific to marine 
pollutants do not apply to non-bulk 
packagings transported by motor vehi-
cles, rail cars or aircraft. 

[Amdt. 171–116, 57 FR 52934, Nov. 5, 1993, as 
amended by Amdt. 107–39, 61 FR 51337, Oct. 1, 
1996]

§ 171.6 Control numbers under the Pa-
perwork Reduction Act. 

(a) Purpose and scope. This section 
collects and displays the control num-
bers assigned to the HMR collections of 
information by the Office of Manage-
ment and Budget (OMB) under the Pa-
perwork Reduction Act of 1995. This 
section complies with the requirements 
of 5 CFR 1320.7(f), 1320.12, 1320.13 and 
1320.14 (OMB regulations implementing 
the Paperwork Reduction Act of 1995) 
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or other grant of authority issued 
under this subchapter or subchapter A 
of this chapter. 

[Amdt. 171–70, 48 FR 2655, Jan. 20, 1983, as 
amended by Amdt. No. 171–100, 54 FR 25004, 
June 12, 1989; Amdt. 171–12, 56 FR 8624, Feb. 
28, 1991; Amdt. No. 171–115, 57 FR 30631, July 
9, 1992; 57 FR 37902, Aug. 21, 1992; Amdt. No. 
171–120, 58 FR 33305, June 16, 1993; Amdt. 171–
2, 59 FR 49132, Sept. 26, 1994; Amdt. 171–141, 61 
FR 21101, May 9, 1996; 64 FR 10752, Mar. 5, 
1999; 67 FR 51640, Aug. 8, 2002]

§ 171.3 Hazardous waste. 
(a) No person may offer for transpor-

tation or transport a hazardous waste 
(as defined in § 171.8 of this subchapter) 
in interstate or intrastate commerce 
except in accordance with the require-
ments of this subchapter. 

(b) No person may accept for trans-
portation, transport, or deliver a haz-
ardous waste for which a manifest is 
required unless that person: 

(1) Has marked each motor vehicle 
used to transport hazardous waste in 
accordance with § 390.21 or § 1058.2 of 
this title even though placards may 
not be required; 

(2) Complies with the requirements 
for manifests set forth in § 172.205 of 
this subchapter; and 

(3) Delivers, as designated on the 
manifest by the generator, the entire 
quantity of the waste received from the 
generator or a transporter to: 

(i) The designated facility or, if not 
possible, to the designated alternate fa-
cility; 

(ii) The designated subsequent car-
rier; or 

(iii) A designated place outside the 
United States.

NOTE: Federal law specifies penalties up to 
$250,000 fine for an individual and $500,000 for 
a company and 5 years imprisonment for the 
willful discharge of hazardous waste at other 
than designated facilities. 49 U.S.C. 5124.

(c) If a discharge of hazardous waste 
or other hazardous material occurs 
during transportation, and an official 
of a State or local government or a 
Federal agency, acting within the 
scope of his official responsibilities, de-
termines that immediate removal of 
the waste is necessary to prevent fur-
ther consequence, that official may au-
thorize the removal of the waste with-
out the preparation of a manifest. 

[NOTE: In such cases, EPA does not re-
quire carriers to have EPA identifica-
tion numbers.]

NOTE 1: EPA requires shippers (generators) 
and carriers (transporters) of hazardous 
wastes to have identification numbers which 
must be displayed on hazardous waste mani-
fests. See 40 CFR parts 262 and 263. (Identi-
fication number application forms may be 
obtained from EPA regional offices.)

NOTE 2: In 40 CFR part 263, the EPA sets 
forth requirements for the cleanup of re-
leases of hazardous wastes.

[Amdt. 171–53, 45 FR 34586, May 22, 1980, as 
amended by Amdt. 171–53, 45 FR 74648, Nov. 
10, 1980; Amdt. 171–78, 49 FR 10510, Mar. 20, 
1984; Amdt. 171–107, 54 FR 40068, Sept. 29, 1989; 
Amdt. 171–111, 55 FR 52466, Dec. 21, 1990; 56 
FR 66157, Dec. 20, 1991; Amdt. 171–2, 59 FR 
49132, Sept. 26, 1994; Amdt. 171–141, 61 FR 
21102, May 9, 1996]

§ 171.4 Marine pollutants. 

(a) Except as provided in paragraph 
(c) of this section, no person may offer 
for transportation or transport a ma-
rine pollutant, as defined in § 171.8, in 
intrastate or interstate commerce ex-
cept in accordance with the require-
ments of this subchapter. 

(b) The requirements of this sub-
chapter for the transportation of ma-
rine pollutants are based on the provi-
sions of Annex III of the 1973 Inter-
national Convention for Prevention of 
Pollution from Ships, as modified by 
the Protocol of 1978 (MARPOL 73/78). 

(c) Exceptions. Except when trans-
ported aboard vessel, the requirements 
of this subchapter specific to marine 
pollutants do not apply to non-bulk 
packagings transported by motor vehi-
cles, rail cars or aircraft. 

[Amdt. 171–116, 57 FR 52934, Nov. 5, 1993, as 
amended by Amdt. 107–39, 61 FR 51337, Oct. 1, 
1996]

§ 171.6 Control numbers under the Pa-
perwork Reduction Act. 

(a) Purpose and scope. This section 
collects and displays the control num-
bers assigned to the HMR collections of 
information by the Office of Manage-
ment and Budget (OMB) under the Pa-
perwork Reduction Act of 1995. This 
section complies with the requirements 
of 5 CFR 1320.7(f), 1320.12, 1320.13 and 
1320.14 (OMB regulations implementing 
the Paperwork Reduction Act of 1995) 
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PART 177—CARRIAGE BY PUBLIC 
HIGHWAY

Subpart A—General Information and 
Regulations

Sec.
177.800 Purpose and scope of this part and 

responsibility for compliance and train-
ing. 

177.801 Unacceptable hazardous materials 
shipments. 

177.802 Inspection. 
177.804 Compliance with Federal Motor Car-

rier Safety Regulations. 
177.810 Vehicular tunnels. 
177.816 Driver training. 
177.817 Shipping papers. 
177.823 Movement of motor vehicles in 

emergency situations.

Subpart B—Loading and Unloading

177.834 General requirements. 
177.835 Class 1 materials. 
177.837 Class 3 materials. 
177.838 Class 4 (flammable solid) materials, 

Class 5 (oxidizing) materials, and Divi-
sion 4.2 (pyroforic liquid) materials. 

177.839 Class 8 (corrosive) materials. 
177.840 Class 2 (gases) materials. 
177.841 Division 6.1 and Division 2.3 mate-

rials. 
177.842 Class 7 (radioactive) material. 
177.843 Contamination of vehicles.

Subpart C—Segregation and Separation 
Chart of Hazardous Materials

177.848 Segregation of hazardous materials.

Subpart D—Vehicles and Shipments in 
Transit; Accidents

177.854 Disabled vehicles and broken or 
leaking packages; repairs.

Subpart E—Regulations Applying to Haz-
ardous Material on Motor Vehicles 
Carrying Passengers for Hire

177.870 Regulations for passenger carrying 
vehicles.

AUTHORITY: 49 U.S.C. 5101–5127; 49 CFR 1.53.

Subpart A—General Information 
and Regulations

§ 177.800 Purpose and scope of this 
part and responsibility for compli-
ance and training. 

(a) Purpose and scope. This part pre-
scribes requirements, in addition to 
those contained in parts 171, 172, 173, 

178 and 180 of this subchapter, that are 
applicable to the acceptance and trans-
portation of hazardous materials by 
private, common, or contract carriers 
by motor vehicle. 

(b) Responsibility for compliance. Un-
less this subchapter specifically pro-
vides that another person shall perform 
a particular duty, each carrier, includ-
ing a connecting carrier, shall perform 
the duties specified and comply with 
all applicable requirements in this part 
and shall ensure its hazmat employees 
receive training in relation thereto. 

(c) Responsibility for training. A car-
rier may not transport a hazardous ma-
terial by motor vehicle unless each of 
its hazmat employees involved in that 
transportation is trained as required 
by this part and subpart H of part 172 
of this subchapter. 

(d) No unnecessary delay in movement 
of shipments. All shipments of haz-
ardous materials must be transported 
without unnecessary delay, from and 
including the time of commencement 
of the loading of the hazardous mate-
rial until its final unloading at destina-
tion. 

[Amdt. 177–79, 57 FR 20954, May 15, 1992, as 
amended by Amdt.177–86, 61 FR 18933, Apr. 29, 
1996]

§ 177.801 Unacceptable hazardous ma-
terials shipments. 

No person may accept for transpor-
tation or transport by motor vehicle a 
forbidden material or hazardous mate-
rial that is not prepared in accordance 
with the requirements of this sub-
chapter. 

[Amdt. 177–87, 61 FR 27175, May 30. 1996]

§ 177.802 Inspection. 
Records, equipment, packagings and 

containers under the control of a 
motor carrier, insofar as they affect 
safety in transportation of hazardous 
materials by motor vehicle, must be 
made available for examination and in-
spection by a duly authorized rep-
resentative of the Department. 

[Amdt. 177–71, 54 FR 25015, June 12, 1989]

§ 177.804 Compliance with Federal 
Motor Carrier Safety Regulations. 

Motor carriers and other persons sub-
ject to this part must comply with 49 
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§ 391.71 [Reserved]

PART 392—DRIVING OF 
COMMERCIAL MOTOR VEHICLES

Subpart A—General

Sec.
392.1 Scope of the rules in this part. 
392.2 Applicable operating rules. 
392.3 Ill or fatigued operator. 
392.4 Drugs and other substances. 
392.5 Alcohol prohibition. 
392.6 Schedules to conform with speed lim-

its. 
392.7 Equipment, inspection and use. 
392.8 Emergency equipment, inspection, and 

use. 
392.9 Inspection of cargo, cargo securement 

devices and systems. 
392.9a Operating authority.

Subpart B—Driving of Commercial Motor 
Vehicles

392.10 Railroad grade crossings; stopping re-
quired. 

392.11 Railroad grade crossings; slowing 
down required. 

392.12–392.13 [Reserved] 
392.14 Hazardous conditions; extreme cau-

tion. 
392.15 [Reserved] 
392.16 Use of seat belts. 
392.18 [Reserved]

Subpart C—Stopped Commercial Motor 
Vehicles

392.20–392.21 [Reserved] 
392.22 Emergency signals; stopped commer-

cial motor vehicles. 
392.24 Emergency signals; flame-producing. 
392.25 Flame producing devices.

Subpart D—Use of Lighted Lamps and 
Reflectors

392.30–392.32 [Reserved] 
392.33 Obscured lamps or reflectors.

Subpart E—License Revocation; Duties of 
Driver

392.40–392.41 [Reserved]

Subpart F—Fueling Precautions

392.50 Ignition of fuel; prevention. 
392.51 Reserve fuel; materials of trade. 
392.52 [Reserved]

Subpart G—Prohibited Practices

392.60 Unauthorized persons not to be trans-
ported. 

392.61 [Reserved] 

392.62 Safe operation, buses. 
392.63 Towing or pushing loaded buses. 
392.64 Riding within closed commercial 

motor vehicles without proper exits. 
392.65 [Reserved] 
392.66 Carbon monoxide; use of commercial 

motor vehicle when detected. 
392.67 Heater, flame-producing; on commer-

cial motor vehicle in motion. 
392.68–392.69 [Reserved] 
392.71 Radar detectors; use and/or posses-

sion.

AUTHORITY: 49 U.S.C. 13902, 31136, 31502; and 
49 CFR 1.73.

SOURCE: 33 FR 19732, Dec. 25, 1968, unless 
otherwise noted.

EDITORIAL NOTE: Nomenclature changes to 
part 392 appear at 66 FR 49874, Oct. 1, 2001.

Subpart A—General
§ 392.1 Scope of the rules in this part. 

Every motor carrier, its officers, 
agents, representatives, and employees 
responsible for the management, main-
tenance, operation, or driving of com-
mercial motor vehicles, or the hiring, 
supervising, training, assigning, or dis-
patching of drivers, shall be instructed 
in and comply with the rules in this 
part. 

[53 FR 18057, May 19, 1988, as amended at 60 
FR 38746, July 28, 1995]

§ 392.2 Applicable operating rules. 
Every commercial motor vehicle 

must be operated in accordance with 
the laws, ordinances, and regulations 
of the jurisdiction in which it is being 
operated. However, if a regulation of 
the Federal Motor Carrier Safety Ad-
ministration imposes a higher standard 
of care than that law, ordinance or reg-
ulation, the Federal Motor Carrier 
Safety Administration regulation must 
be complied with. 

[35 FR 7800, May 21, 1970, as amended at 60 
FR 38746, July 28, 1995]

§ 392.3 Ill or fatigued operator. 
No driver shall operate a commercial 

motor vehicle, and a motor carrier 
shall not require or permit a driver to 
operate a commercial motor vehicle, 
while the driver’s ability or alertness is 
so impaired, or so likely to become im-
paired, through fatigue, illness, or any 
other cause, as to make it unsafe for 
him/her to begin or continue to operate 
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of the order to the Division Adminis-
trator or State Director for the geo-
graphical area in which the order was 
issued. The Division Administrator or 
State Director may affirm or reverse 
the order. Any driver adversely af-
fected by such order of the Regional 
Director of Motor Carriers may peti-
tion the Administrator for review in 
accordance with 49 CFR 386.13. 

(49 U.S.C. 304, 1655; 49 CFR 1.48(b) and 301.60) 

[47 FR 47837, Oct. 28, 1982, as amended at 52 
FR 27201, July 20, 1987; 59 FR 7515, Feb. 15, 
1994; 61 FR 9567, Mar. 8, 1996]

§ 392.6 Schedules to conform with 
speed limits. 

No motor carrier shall schedule a run 
nor permit nor require the operation of 
any commercial motor vehicle between 
points in such period of time as would 
necessitate the commercial motor ve-
hicle being operated at speeds greater 
than those prescribed by the jurisdic-
tions in or through which the commer-
cial motor vehicle is being operated. 

[33 FR 19732, Dec. 25, 1968, as amended at 60 
FR 38746, July 28, 1995]

§ 392.7 Equipment, inspection and use. 
No commercial motor vehicle shall 

be driven unless the driver is satisfied 
that the following parts and acces-
sories are in good working order, nor 
shall any driver fail to use or make use 
of such parts and accessories when and 
as needed:

Service brakes, including trailer brake con-
nections. 

Parking (hand) brake. 
Steering mechanism. 
Lighting devices and reflectors. 
Tires. 
Horn. 
Windshield wiper or wipers. 
Rear-vision mirror or mirrors. 
Coupling devices.

[33 FR 19732, Dec. 25, 1968, as amended at 60 
FR 38746, July 28, 1995]

§ 392.8 Emergency equipment, inspec-
tion and use. 

No commercial motor vehicle shall 
be driven unless the driver thereof is 
satisfied that the emergency equip-
ment required by § 393.95 of this sub-
chapter is in place and ready for use; 
nor shall any driver fail to use or make 

use of such equipment when and as 
needed. 

[49 FR 38290, Sept. 28, 1984, as amended at 60 
FR 38746, July 28, 1995]

§ 392.9 Inspection of cargo, cargo se-
curement devices and systems. 

(a) General. A driver may not operate 
a commercial motor vehicle and a 
motor carrier may not require or per-
mit a driver to operate a commercial 
motor vehicle unless— 

(1) The commercial motor vehicle’s 
cargo is properly distributed and ade-
quately secured as specified in §§ 393.100 
through 393.142 of this subchapter. 

(2) The commercial motor vehicle’s 
tailgate, tailboard, doors, tarpaulins, 
spare tire and other equipment used in 
its operation, and the means of fas-
tening the commercial motor vehicle’s 
cargo, are secured; and 

(3) The commercial motor vehicle’s 
cargo or any other object does not ob-
scure the driver’s view ahead or to the 
right or left sides (except for drivers of 
self-steer dollies), interfere with the 
free movement of his/her arms or legs, 
prevent his/her free and ready access to 
accessories required for emergencies, 
or prevent the free and ready exit of 
any person from the commercial motor 
vehicle’s cab or driver’s compartment. 

(b) Drivers of trucks and truck tractors. 
Except as provided in paragraph (b)(4) 
of this section, the driver of a truck or 
truck tractor must— 

(1) Assure himself/herself that the 
provisions of paragraph (a) of this sec-
tion have been complied with before he/
she drives that commercial motor vehi-
cle; 

(2) Inspect the cargo and the devices 
used to secure the cargo within the 
first 50 miles after beginning a trip and 
cause any adjustments to be made to 
the cargo or load securement devices as 
necessary, including adding more se-
curement devices, to ensure that cargo 
cannot shift on or within, or fall from 
the commercial motor vehicle; and 

(3) Reexamine the commercial motor 
vehicle’s cargo and its load securement 
devices during the course of transpor-
tation and make any necessary adjust-
ment to the cargo or load securement 
devices, including adding more secure-
ment devices, to ensure that cargo can-
not shift on or within, or fall from, the 
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commercial motor vehicle. Reexamina-
tion and any necessary adjustments 
must be made whenever — 

(i) The driver makes a change of his/
her duty status; or 

(ii) The commercial motor vehicle 
has been driven for 3 hours; or 

(iii) The commercial motor vehicle 
has been driven for 150 miles, which-
ever occurs first. 

(4) The rules in this paragraph (b) do 
not apply to the driver of a sealed com-
mercial motor vehicle who has been or-
dered not to open it to inspect its cargo 
or to the driver of a commercial motor 
vehicle that has been loaded in a man-
ner that makes inspection of its cargo 
impracticable. 

[67 FR 61224, Sept. 27, 2002]

§ 392.9a Operating authority. 
(a) Registration required. A motor ve-

hicle providing transportation requir-
ing registration under 49 U.S.C. 13902 
may not be operated without the re-
quired registration or operated beyond 
the scope of its registration. 

(b) Penalties. Every motor vehicle 
providing transportation requiring reg-
istration under 49 U.S.C. 13902 shall be 
ordered out-of-service if determined to 
be operating without registration or 
beyond the scope of its registration. In 
addition, the motor carrier may be sub-
ject to penalties in accordance with 49 
U.S.C. 14901. 

(c) Administrative Review. Upon the 
issuance of the out-of-service order 
under paragraph (b) of this section, the 
driver shall comply immediately with 
such order. Opportunity for review 
shall be provided in accordance with 
section 554 of title 5, United States 
Code not later than 10 days after 
issuance of such order. 

[67 FR 55165, Aug. 28, 2002]

Subpart B—Driving of Commercial 
Motor Vehicles

§ 392.10 Railroad grade crossings; 
stopping required. 

(a) Except as provided in paragraph 
(b) of this section, the driver of a com-
mercial motor vehicle specified in 
paragraphs (a) (1) through (6) of this 
section shall not cross a railroad track 
or tracks at grade unless he/she first: 

Stops the commercial motor vehicle 
within 50 feet of, and not closer than 15 
feet to, the tracks; thereafter listens 
and looks in each direction along the 
tracks for an approaching train; and 
ascertains that no train is approach-
ing. When it is safe to do so, the driver 
may drive the commercial motor vehi-
cle across the tracks in a gear that per-
mits the commercial motor vehicle to 
complete the crossing without a 
change of gears. The driver must not 
shift gears while crossing the tracks. 

(1) Every bus transporting pas-
sengers, 

(2) Every commercial motor vehicle 
transporting any quantity of a Division 
2.3 chlorine. 

(3) Every commercial motor vehicle 
which, in accordance with the regula-
tions of the Department of Transpor-
tation, is required to be marked or 
placarded with one of the following 
classifications: 

(i) Division 1.1
(ii) Division 1.2, or Division 1.3
(iii) Division 2.3 Poison gas 
(iv) Division 4.3
(v) Class 7
(vi) Class 3 Flammable 
(vii) Division 5.1
(viii) Division 2.2
(ix) Division 2.3 Chlorine 
(x) Division 6.1 Poison 
(xi) Division 2.2 Oxygen 
(xii) Division 2.1
(xiii) Class 3 Combustible liquid 
(xiv) Division 4.1
(xv) Division 5.1
(xvi) Division 5.2
(xvii) Class 8
(xviii) Division 1.4
(4) Every cargo tank motor vehicle, 

whether loaded or empty, used for the 
transportation of any hazardous mate-
rial as defined in the Hazardous Mate-
rials Regulations of the Department of 
Transportation, Parts 107 through 180 
of this title. 

(5) Every cargo tank motor vehicle 
transporting a commodity which at the 
time of loading has a temperature 
above its flashpoint as determined by 
§ 173.120 of this title. 

(6) Every cargo tank motor vehicle, 
whether loaded or empty, transporting 
any commodity under exemption in ac-
cordance with the provisions of subpart 
B of part 107 of this title. 
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Record of Communication Form 
 

 1

 
DATE: January 28, 2008  
 
PROJECT/SITE NAME:  Leo Miller Road     
CERCLIS No.:  TXN000606818 
TDD #: T0-0009-07-08-01 
 
CALL TO: Jonathon Martin, Air Permit Section, TCEQ 
CALLED BY: Steve Cowan, Dynamac START-3 PjM 

 
SUBJECT: Sherwin Alumina Company General Air Permit No. 4971 
DATE CALLED: January 28, 2008, 2007 
 
CONVERSATION: 
 
DYNAMAC START CONTACTED MR. JOHNATHON MARTIN OF THE AIR 
PERMITS SECTION OF TCEQ TO OBTAIN ADDITIONAL INFROMATION 
PERTAINING TO SHERWIN ALUMINA COMPANY’S (SAC) GENERAL AIR 
PERMIT NO. 4971.  MR. MARTIN WAS REFERRED TO START BY MR. 
JOHNNIE BOWERS, OF TCEQ. 
 
ACCORDING TO MR. MARTIN, THE SAC GENERAL AIR PERMIT NO. 4971 
IS CONCERNED WITH BAG HOUSE DUST EMISSION SYSTEMS THAT ARE 
ASSOCIATED WITH BAUXITE AND ALUMINA TRANSPORT SYSTEMS AT 
THE SAC GREGORY FACILITY.  THE PERMIT DOES NOT INCLUDE THE 
RED MUD LAGOONS LOCATED 9 TO 10 MILES FROM THE SAC GREGORY, 
NOR DOES IT CALL FOR AIR QUALITY MONITORING AT THE RED MUD 
LAGOON LOCATIONS.  MR. MARTIN BELIEVED THAT THE RED MUD 
LAGOONS MAY FALL UNDER A WASTEWATER PERMIT, BUT HE DID NOT 
BELIEVE THAT THE WASTEWATER PERMIT HAD A STIPULATION FOR 
AIR QUALITY MONITORING AT THE RED MUD LAGOONS. 
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 1

 
DATE: January 22, 2008  
 
PROJECT/SITE NAME:  Leo Miller Road     
CERCLIS No.:  TXN000606818 
TDD #: T0-0009-07-08-01 
 
CALL TO: Johnnie Bowers, Air Permit Section, TCEQ 
CALLED BY: Steve Cowan, Dynamac START-3 PjM 

 
SUBJECT: Air Permits for the Sherwin Alumina Company, Gregory, 

Texas 
DATE CALLED: January 22, 2008 
 
CONVERSATION: 
 
DYNAMAC START CONTACTED MR. JOHNNIE BOWERS OF THE AIR 
PERMITS SECTION OF TCEQ TO OBTAIN AIR PERMIT INFORMATION 
FOR THE SHERWIN ALUMINA COMPANY (SAC) LOCATED IN GREGORY, 
TEXAS. 
 
ACCORDING TO MR. BOWERS, SAC HAS ONE GENERAL AIR PERMIT, NO. 
4971, THAT WAS RENWED AND APPROVED BY TCEQ IN OCTOBER 2007.  
MR. BOWERS BELIEVED AIR PERMIT NO. 4971 WAS PRIMARILY 
CONCERNED WITH SAC’S ALUMINA PRODUCTION FACILITY.  FOR 
ADDITIONAL INFORMATION RELATED TO AIR PERMIT NO. 4971, MR. 
BOWERS REFERRED START TO MR. JOHNATHON MARTIN IN THE AIR 
PERMITTING SECTION OF TCEQ. 
 
MR. BOWERS ALSO INDFORMED START THAT SAC HAS SUBMITTED 
TWO MAINTENANCE, STARTUP, AND SHUTDOWN (MSS) RENEWAL 
PERMIT APPLICATIONS TO TCEQ FOR ADMINISTARTIVE REVIEW AND 
APPROVAL.  ACCORDING TO MR. BOWERS, NEITHER OF THESE 
RENEWAL PERMIT APPLICATIONS DEAL WITH SAC’S RED MUD 
LAGOONS NOR REQUIRE AIR QUALITY MONITORING AT THE RED MUD 
LAGOONS.   
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Kathleen Hartnett White, Chairman

Larry R. Soward, Commissioner

H. S. Buddy Garcia, Commissioner

Glenn Shankle) Executive Director

TEXAS COMMISSION ON ENVIRONMENTAL QUALITY
Protecting Texas by Reducing and Preventing Pollution

May 25,2007

TO: Persons on the attached mailing list.

RE: Canyon Lake Ready Mix, Inc.
TCEQ Standard Permit Registration No. 78844

Decision of the Executive Director.

The executive director has made a decision that the above-referenced permit application meets
the requirements of applicable law. This decision does not authorize construction or
.operation of any proposed facilities. This decision will be considered by the commissioners at
a regularly scheduled public meeting before any action is taken on this application unless all
requests for contested case hearing or reconsideration have been withdrawn before that meeting,

Enclosed with this letter is a copy of the Executive Director's Response to Comments. A copy
of the complete application, draft permit and related documents, including public C0111n1ents, is
available for review at the TCEQ Central office. A copy of the complete application, the draft
permit, and executive director's preliminary decision are available for viewing and copying at
the TCEQ Central Office, the TCEQ San Antonio office, and the Post Office, 1300 Farm-to
Market Road 2673, Canyon Lake, Cornal County, Texas.

If you disagree with the executive director's decision, and you believe you are an "affected
person" as defined below, you may request a contested case hearing. In addition, anyone may
request reconsideration of the executive director's decision. A brief description of the
procedures for these two requests follows.

How To Request a Contested Case Hearing.

It is important that your request include all the information that supports your right to a contested
case hearing. Yon must demonstrate that you meet the applicable legal requirements to have
your hearing request granted. The commission's consideration of your request will be based on
the information you provide.

P.O. Box 13087 .. Austin, Texas 78711-3087 @ 512-239-1000 Internet address: www.tceq.state.tx.us



The request must include the following:

(1)

(2)

(3)

(4)

Your name, address, daytime telephone number, and, if possible, a fax number.

If the request is made by a group or association, the request must identify:
(A) one person by nE1111e, address, daytime telephone number, and, if possible, the fax

number, of the person who will be responsible for receiving all communications
and documents for the .group; and '

(B) one or 1110re members of the group that would otherwise have standing to request
a hearing in their own right. The interests the group seeks to protectmust relate
to the organization's purpose. Neither the claim asserted nor thereliefrequested
111Ust require the participation of the individualmembers hi the case.

The name of the applicant, the permit number andother .numbers "list6d above so tl1at
your request may be processed properly.

A statenlent clearly expressing that you are requesting a contested case hearing. For
example, the following statement would be sufficient: "I request' a contested case
hearing."

Your request 111Ust demonstrate that you 'are an "affected person." '.An affected petsol1 is. one
whohasapersollal justiciable interest related to .a. legal. right,duty, privilege', powei",or
economic interest affected by the application. Your request must describe how and why you
would be adversely affected by the proposed facility 01' activity in 'a manner 110t common to the
general public. For eXaInple, to the extent y?ur request is based on these concerns,you should
describe the likely impact on ,your .health, safety, or uses of your property which rnay be
adversely affected bythe proposed facility or activities. To demonstrate that you have a personal
justiciable interest, you must state,cts specifically as you are able, your location and the distance
between your location and the proposedfacility or activities'. A ~ersollwho 111ay be affected by
emissions of air contaminants from the facility is, entitled to re~uest a contested case hearing. A
person permanently residing within 440 yards of a concrete batch plant under a permit by rule is
an affected person who isentitlecl to request a contested case hearing.

, • • ..

Jour requestmust raise disputed issues off,!-ct.that are relevant andmaterial to the commission's
decision all this application. The request must be based on issues that were raisedduring the
comment period. The request CalU10t be based solelyon issues 'raised in comments that have
been withdrawn. The enclosed Response to Comments will allow you to determine the issues
that were raised during the comment period and whetherall comments raising an issue have been
withdrawn. The public comments filed for this application ate available for reviewand copying
at the Chief Clerk's office at the address below.

To facilitate the commission's detennil1atlon 8f the number and scope of issues to be referred to
hearing, you should: 1) specify any of the executive director' s responses tocomments that you
dispute; and 2) the factual basis of the dispute. In addition, you should Iist.ito the extent
possible, any disputed issues of law or policy. '



How To Request Reconsideration of the Executive Director's Decision.

Unlike a request for a contested case hearing, anyone may request reconsideration of the
executive director's decision. A request for reconsideration should contain your name, address,
daytime phone number, and, if possible, your fax number. The request must state that you are
requesting reconsideration of the executive director's decision, and must explain why you
believe the decision should be reconsidered.

Deadline for Submitting Requests.

A request for a contested case hearing or reconsideration of the executive director's decision
must be in writing and must be received by the Chief Clerk's office no later than 30 calendar
days after the date of this letter: You should submit your request to the following address:

LaDonna Castafiuela, Chief Clerk
TCEQ, MC-10S
P.O. Box 13087
Austin, Texas 78711-3087

Processing of Requests.

Timely requests for a contested case hearing or for reconsideration of the executive director's
decision will be referred to the alternative dispute resolution director and set on the agenda of
one of the commission's regularly scheduled meetings. Additional instructions explaining these
procedures will be sent to the attached mailing list when this meeting has been scheduled.

How to Obtain Additional Information.

If you have any questions or need additional information about the procedures described in this
letter, please call the Office of Public Assistance, Toll Free, at 1-800-687-4040.

LDC/cz

Enclosures



MAILING LIST
for

Canyon LakeReady Mix, Inc.
, TCEQ Standard Permit Registration No. 78844

FOR THE APPLICANT:

William P. Murphy, Owner
Canyon Lake Ready Mix, Inc.
1929 Canyon Bend
Canyon Lake Texas 78133

JDKelley, General Manager
Murphy's Mobile Concrete
P.O. Box 8
Converse, Texas 78109

INTERESTED PERSONS:

See attached list.

FOR THE EXECUTIVE DIRECTOR:

Tim Eubank, StaffAttorney
Texas Commission on Enviromnental Quality
Enviromnental Law Division MC-173
P.O. Box 13087
Austin;Texas ·78711-3087

Helga Chatelle, Technical Staff
TexasCommission on Environmental Quality
Air Permits Division MC-163
P.O. Box 13087
Austin, Texas 78711-3087

FOR OFFICE OF PUBLIC ASSISTANCE:

Ms. Bridget Bohac, Director
Texas Commission on Environmental Quality
Office of Public Assistance MC-I 08
P.O. Box 13087
Austin, Texas 78711-3087

FOR PUBLIC INTEREST COUNSEL:

BIas J. Coy, J1':, Attorney
Texas Commission on Environmental Quality
Public Interest Counsel Me-I03 '
P.O. Box 13087
Austill, Texas 7871 t-3087

FOR THE CHIEF CLERK:

Lalronna Castafiuela
TexasColnlnission on Environmental Quality
Office of Chief Clerk MC-l 05
P.O. Box 13087
Austin, Texas 78711-3087



LES BACARISSE

1460 OC TROUT DR

CANYON LAKE TX 78133-5542

EDWINA BAGLEY

3491 LARIATRDG

CANYON LAKE TX 78132-2016

ANA & ROBERT BARTLETT

1041 BLUE WATER DR

CANYON LAKE TX 78133-5377

MR & MRS K BOLT

2496 ISLAND VW

CANYON LAKE TX 78133-5144

DAVIS & INES BRADLEY

1005 HIGHLAND TERRACE DR

CANYON LAKE TX 78133-5272

DAVID BRAY

720 HIGHLAND TERRACE DR

CANYON LAKE TX 78133-5298

EDWARD W BURDICK

661 HIGHLAND TERRACE DR

CANYON LAKE TX 78133-5215

ERlNDAVIS

1036 HIGHLAND TERRACE DR

CANYON LAKE TX 78133-5207

JOHN P DONAHUE

3590 LARIAT RDG

NEW BRAUNFELS TX 78132-2039

BARRY HARGROVE

642 HIGHLAND TERRACE DR

CANYON LAKE TX 78133-5267

PAUL D HUNSUCKER

1409 HIGHLAND TERRACE DR

CANYON LAKE TX 78133-5274

DALE LEACOCK

642 HIGHLAND TERRACE DR

CANYON LAKE TX 78133-5267

JACIGE M LOVELL

3720 LARIATRDG

NEW BRAUNFELS TX 78132-2019

ROBINNAVA

PO BOX 1658

CANYON LAKE TX 78133-0021

MANFRED J NIEDER

606 HIGHLAND TERRACE DR

CANYON LAKE TX 78133-5267

HELEN THAYER

4915 FM 2673

CANYON LAKE TX 78133-5170

GEORGE & JEANNE WALKER

PO BOX 2022

CANYON LAKE TX 78133-0007



TCEQSTANDARD PERMIT REGISTRATION NO. 78844

APPLICATION BY §
§

CANYON LAlffi READY MIX, INC. ' §
§

CANYON LAIffi, COMAL COUNTY §

BEFORE THE

TEXAS COMMISSION ON

ENVIRONMENTAL QUALITY

EXECUTIVE DIRECTOR'S RESPONSE TO PUBLIC COMMENT,

The Executive Director ("ED") of the Texas Commission on Environmental Quality (the
"Commission" or "TCEQ") files this Response to Public . Comment ("Response") 011 the
registration for Standard Permit No. 78844, filed by Canyon Lake Ready Mix, Inc. ("Canyon" or!
the "Applicant"), and preliminary decision. Comment was made by the following persons: Les
Bacarisse, Edwina Bagley, Ann and Robert Bartlett, Mr. and Mrs. K. Bolt, Davis and Ines
Bradley, David 'Bray, Edward W. Burdick, Erin Davis, John P. Donahue, Barry Hargrove, Paul
D. Hunsucker, Dale Leacock, Jackie M. Lovell, Robin Nava, Manfred J. Nieder, Helen Thayer,
and George and Jeanne Walker. As required by 3,0 TexasAdministrative Code (TAC)'§ ·55.156>
before an application is approved, the ED,preparesaresponseto all timely, relevant andtuaterlal,
or significant comments, whether or not withdrawn.

PROCEDURAL BACKGROUND

Canyon Lake Ready Mix, Inc. submitted .~. registration .to the TCEQ on April 28, 2006/to'
construct and operate a permanent concrete batch plant ("CBP") under 30 TAC 116, subch, F,
Standard Permit. The facility is proposed to be located at 5001 FM 2673, Canyon Lake, Comal
County. The proposed facility will emit the following air contaminants: particulate matter
including, but not limited to, aggregate, cement, and road dust.

Canyon's application was declared administratively complete on May 5, 2006, and technically
complete 'on June 13, 2006. The Notice of Receipt and Intent to Obtain an Air Quality Permit
was published on May 17, 2006 and on June 7, 2006, in the Times Guardian. The second
publication was needed because the first publication was incomplete. The Notice of Application
and Preliminary Decision was published on July 19, 2006, in the Times Guardian. Since this
application was administratively completeafter SeptemberI, 1999, this action is subject to the
procedural requirements adopted pursuant to House Bill 801.
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TITL-E-.-3!! ENVIRONMENTAL QUALITY
_1>1\&L 1 TEXAS COMMISSION ON ENVIRONMENTAL QUALITY
CHAPTEJ~101 GENERAL AIR QUALITY RULES
SUBCHAPTER A GENERAL RULES

Rules

§101.1

§101.2
§101.3

§101.4

§101.5

§101.8

§101.9

§101.10
§101.13

§101.14

§101.18

§101.19
§101.20

§101.21

§101.23
§101.24

§101.26
§101.27

§101.28

§101.30

Definitions
Multiple Air Contaminant Sources or Properties

Circumvention

Nuisance

Traffic Hazard

Sampling

Sampling Ports
Emissions Inventory Requirements

Use and Effect of Rules

Sampling Procedures and Terminology

Remedies Cumulative

Severability
Compliance with Environmental Protection Agency Standards

The National Primary and Secondary Ambient Air Quality Standards

Alternate Emission Reduction ("Bubble") Policy

Inspection Fees

Surcharge on Fuel Oil in Specified Boilers

Emissions Fees
Stringency Determination for Federal Operating Permits

Conformity of General Federal Actions to State Implementation Plans
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« Prev Rule

TLTLJ<::30
fARLl
CHAPTER 101

SUBCHAPTER A

RULE §101.4

Texas Administrative Code Next Rule»

ENVIRONMENTAL QUALI1Y

TEXAS COMMISSION ON ENVIRONMENTAL QUALI1Y

GENERAL AIR QUALI1Y RULES

GENERAL RULES
Nuisance

No person shall discharge from any source whatsoever one or more air contaminants or combinations
thereof, in such concentration and of such duration as are or may tend to be injurious to or to adversely
affect human health or welfare, animal life, vegetation, or property, or as to interfere with the normal
use and enjoyment of animal life, vegetation, or property.

Source Note: The provisions of this §101.4 adopted to be effective January 1, 1976

Next Page

List of Titles
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Back to List )

HOI1EITEXAS REGlillR I TEXAS ADHINISfRAJIVECODE I OPEN MEETINGS I IlELP I

http://info.sos.state.tx.us/pls/pub/readtac$ext.TacPage?sl=R&app=9&p_dir=&PJloc=&p_...l /28/2008



EXECUTIVE DIRECT01,,- J RESPONSE TO PUBLIC COMMENT
Page 2 of 11

COMMENTS AND RESPONSES

COMMENT 1:
Concerned that the health of local residents would be negatively impacted by the
operation of a CBP nearby. (John Donahue, Robin Nava, Jackie Lovell, Edward Burdick,
David Bray, Dale Leacock). The CBP would be located near a residential area populated
mostly by older citizens, many of whom suffer from respiratory conditions which would
be aggravated by the CBP's operation. (Ann and Robert Bartlett, Edward Burdick, Dale
Leacock, David Bray). Husband suffers from long-term health problems because of
growing up in an area with poor air quality. (Erin Davis). Suffers from pleural
thickening of the lung walls and pleural plaque due to asbestos exposure. Instructed by
doctor to avoid emissions consisting of dust, smoke, and particulate matter because they
would aggravate his condition. (Paul Hunsucker). Wife suffers from serious sinus
allergies. (Manfred Nieder). Concerned about the effect that emissions from the CBP
would have on his allergies and the health of local residents. (Barry Hargrove). Suffers
from asthma and breathing problems which could be aggravated as a result of living
downwind of a CBP. (Dale Leacock). Concerned about cancer recurring in lungs
because of emissions from the CBP. If the CBPwere built at its proposed location, he
would have to move. (Les Bacarisse). Concerned that the wind would carry emissions
from the CBP uphill which would ruin her property and affect her family's health. She
and her husband are seniors who suffer from allergies. (Edwina Bagley). Commenter
states he is allergic to dust and his health would be affected by operation of a CBP.
(David Bray).

Operation of a CBP would negatively affect air quality. (George and Jeanne Walker,
Edwina Bagley, Barry Hargrove). Concerned about air quality. (Erin Davis, Les
Bacarisse, Dale Leacock). Air currents would carry pollutants from the CBP to areas of
higher elevation where many people reside. (John Donahue, Ann and Robert Bartlett).
Wind could carry emissions from the CBP to a vast area of Canyon Lake populated by
thousands of families and elderly citizens. (Edward Burdick, David Bray). Operation of
a CBP would allow dust to be blown into his house. (David Bray, Barry Hargrove). The
prevailing wind blows from the proposed location of the CBP to his horne nearby. (Paul
Hunsucker). The wind blows from the south 90% of the time and would carry cement,
aggregate dust, and diesel engine emissions to his residence. (Manfred Nieder).
Approval of the application would allow the generation of significant emissions in a
populated area. (Mr. and Mrs. Bolt). How was the permit approved when consideration
is given to the fact that the CBP would be located in a valley and emissions would be
blown uphill toward several residences? (Les Bacarisse). Concerned about increased
pollutants in the air. (Robin Nava). Operation of the CBP would generate a lot of dust.
(Helen Thayer). Concerned about dust pollution. (Jackie Lovell). Operation of the CBP
would generate dust emissions and could potentially harm the Golden-cheeked Warbler's
nesting area. The Golden-cheeked warbler is on the Federal Endangered Species List,
has a limited habitat, and usually only lays one clutch of eggs per nesting season. (Davis
and Ines Bradly).
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Emissions from the CBPw6ulddegracle the environment: (Robin Nava). Concerned that
the quality of the local environment would be diminished by the operation of a CBP.
(Erin Davis). Operation of the CBP, which involves unloading trucks; washing trucks,
and loading the cement machine, would generate a significant amount of pollution.
Washing the mixer and-emptying the trucks also generates pollution. (Helen Thayer).

I

RESPONSE 1:
The commission hasdetermined thatconorete batch plants operating under a standard

;permit areinsignificant contributors of air contaminants to the atmosphere. The. TCEQ
conducted a protectiveness review for the CBP standard permit. This review concluded
that, when operated properly, emissions from CBPs operating under a standard permit
will be within state and federal limits.

Specifically, the protectiveness review determinedCBPfacilitiesoperatingunder the
standard permit would meet the following requirements; repealed 30 TAC § 111.1551

fence-line concentration limits of 400 ug/m" (micrograms of PM per cubic-meter) for an
one-hour period and 200 ~g/m3 for a three-hour period; the National Ambient Air Quality
Standards (NAAQS) .for particulate matter with an aerodynamic diameter of 10 microns
or less (PMlO) of 150 ug/nr' for a 24-hour period and 50~g/n13 annually; and- applicable
TCEQ toxicology and risk assessment health effects guidelines.

Since PM and PM 10 were the, only air contaminants of concern from, these plants, the PM
and PMlO ground-level concentration standards were used todetermine protectiveness as
mentioned above. These standards are based upon short-term and long-term health
effects considerations. Using factors found in the Compilation of Air Pollutant Emission
Factors Manual (AP-42), emissions Were modeled tOI ensure 'allsconfigurationswould
meet the NAAQS and other standards in effect.

The model used for the standardpermithealth effects review took into accountworst
case meteorological conditions, including wind direction and speed. Emissions from, the
facility are expected to he protective at the property line of the proposed site. Dust
(PMlO) disperses as it travels further from its source: Therefore, emissionsfrom the
facility would not be-expected to be harmful due to wind transport.

The NAAQS are created by the United States Environmental Protection Agency (EPA),
and as' defined in the federal regulations, (40 Codeof Federal Regulations (CFR) § 50.2},
include both primary and secondary standards. The primary standards are those that the
Administrator of the EPA determines are necessary, with an adequate margin of safety, to
protect the publichealth, including sensitive members of the population ,such as children,
the elderly, and individuals with existing lung orcardiovascular conditions. The, state's
health-based emissions limits aredesigned to' be protective of these .sensitive receptors.
Secondary NAAQS are those that the Administrator determines are necessary to protect

1 Repealed May 17, 2006. While the ground-level concentration standards are 110 longer hi effect, the
distance limitations established under those standards remain a part of the standard permit. The distance
limitations were established to ensure operation of a CBP would not adversely affect human health and the
environment, regardless of the configuration of the CBP.
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the public welfare and the environment, including animals, crops, vegetation, and
buildings, from any known or anticipated adverse affects associated with the presence of
an air contaminant in the ambient air. The protectiveness review included both primary
and secondary NAAQS and concluded that if the proposed facility is operated as
required, the emissions-based production limits in the standard permit are set to be
protective of all those receptors. It should be noted receipt of a state air quality permit
does not relieve the regulated entity from complying with all applicable federal
requirements under the Endangered Species Act.

Individuals are encouraged to report any concerns about nuisance issues or suspected
noncompliance with terms of any permit or other environmental regulation by contacting
the TCEQ Regional Office at 210-490-3096, or by calling the 24-hour toll-free
Environmental Complaints Hotline at 1-888-777-3186. If the facility is found to be out
of compliance with the terms and conditions of the permit, it will be subject to possible
enforcement action. Citizen-collected' evidence may be used in such an action. See 30
TAC § 70.4, Enforcement Action Using Information Provided by Private Individual, for
details on gathering and reporting such evidence. The TCEQ has long had procedures in
place for accepting environmental complaints from the general public but now has a new
tool for bringing potential environmental problems to light. Under the citizen-collected
evidence pro gram, individuals can provide information on possible violations of
environmental law and the information can be used by the TCEQ to pursue enforcement.
In this program, .citizens can become involved and may eventually testify at a hearing or
trial concerning the violation. For additional information, see the TCEQ publication, "Do .
You Want to Report an Environmental Problem? Do You Have Information or
Evidence?" This booklet is available in English and Spanish from the TCEQ
Publications office at 512-239-0028, and luay be downloaded from the agency website at
www.tceq.state.tx.us (under Publications, search for document no. 278).

COMMENT 2:
Request further investigation of the application before approving the permit. (Barry
Hargrove, Dale Leacock).

RESPONSE 2:
The ED reviewed the application and determined that it was administratively and
technically complete. The ED has also conducted a thorough review of this permit
application to ensure it meets the requirements of all applicable state and federal
standards. Provided the CBP is operated within the terms of the standard permit, adverse
health effects are not expected. Therefore, the ED does not believe additional review is
required.

COMMENT 3:
Concerned that operation of a CBPnearby would diminish his quality of life. (John
Donahue). The site for the proposed CBP has been stripped of all vegetation. (Jackie
Lovell).

RESPONSE 3:
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The TCEQ;sjurisdiction is established 'by the Legislature and is limited-to the issues set
forth in statute. Issues such aszoning.inoisc, .aesthetics.iand traffic are beyond the
jurisdiction of the TCEQ. The TCEQ does not have jurisdiction to prohibit owners .and
operators from seekingauthorization to emit air contaminants; nor can the TCEQprohibit
owners and operators from receiving authorization to emit air, contaminants if they
comply with all statutory and regulatory requirements.

COMMENT 4:
Emissions from the CBP would interfere with residents' use and enjoyment of their
property. (Robin Nava), Concerned about dust and pollution causing nuisance
conditions on their property. (JohrrDonahuevAnn iand-Robcrt. Bartlett.iGeorge and
Jeanne Walker, David Bray, Davis and Ines.Bradley.Tsdward Burdick, Jackie Lovell,
Helen Thayer, Les Bacarisse, Dale Leacock, BarryHargrove, Manfred Nieder, Paul
Hunsucker, Edwina Bagley).

RESPONSE 4:'
Operators of concrete batch plants mustmeet standards outlined in the Texas Glean Air
Act and applicable state and federal rules and regulationsandmustcomplywith 30 TAC
§ 101.4, which prohibits nuisance. conditions. Specifically the rule states, ,"NQ person
shall discharge fromvuny source whatsoever one or-more .airvcontaminants or
combinations thereof,in such concentration and of such duration as are or may tend to be
injurious to or to adversely affect human health or welfare; animal life, vegetation, or
property, or as to interfere with the normal use and enjoyment of animal life, vegetation,
or property." As ·longas,the facility is operated in compliance with the te1111Sof the
permit, nuisance: conditions or conditions of air.pollution are not expected. The TCEQ
cannot deny authorization ofa facility if a permit application: demonstrates that all
applicable statutes, rules, and regulations will be rnet.

COMMENTS:
Protest approval of the 'application. (Jackie Lovell; George and Jeanne.Walker), Donot
approve the application. (Edward Burdick, Mr. and Mrs. Bolt). Object to approval of the

,application. (David Bray, Edwina Bagley). Requests that the TCEQ deny the
application. (Paul Hunsucker). Disturbed that TCEQ has made a preliminary decision to
issuethepermit, (LesBacarisse) .. Concerned-about TCEQ's preliminary.approvalof the
application. (Les Bacarisse).

RESPONSES:, >

Air quality permitapplications are evaluated to determinewhether standards outlined in
the Texas Clean Air Act (TCAA) and applicable state and federal rules and 'regulations
are met. As part of the permit evaluation process, the permit reviewer identifies all
sources of air contaminants at the proposed facility, assures that the facility will be using

,I the best available control technology (BACT) applicable for the sources and types of
contaminants emitted, and determines that no adverse .effects to public health; general
welfare, or physical property are expected to result from a facility's proposed .emissions.
The TCEQ cannot deny a permit if the applicant demonstrates that all applicable statutes,
rules, and regulations will be met, Special conditions and a maximum allowable emission
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rates table are created to establish guidelines for the operation of the facility. The permit
conditions are developed such that a facility that is operated within the terms and
conditions of thepennit should be able to operate in compliance with standards outlined
in the TCAA and applicable state and federal rules and regulations.

COMMENT 6:
How can one protest the application? Who can help a homeowner? (Edwina Bagley).

RESPONSE 6:
A request for a contested case hearing must be timely received, in accordance with the
requirements set forth in 30 TAC § 55.201. In order for a contested case hearing (CCH)
request to be considered, the CCH request must be filed no later than 30 days after the
chief clerk mails the Executive Director's preliminary decision on the permit application
and response to comments document.

Further, CCH requests must contain the following: name, address, daytime telephone
number, and, where possible, fax number of the person who files the request; identify the
person's personal justiciable interest affected by the application, including a brief written
statement explaining in plain language the requestor's location and distance relative to
the proposed facility or activity that is the subj ect of the application and how and why the
requestor believes he or she will be adversely affected by the proposed facility or activity
in a manner not common to members of the general public; list all relevant and material
disputed issues of fact that were raised during the public comment period and that are the
basis of the hearing request.

A request for a CCH will be granted if the request is made by the applicant or the
executive director. A request for a CCH may also be granted if it is made by an affected
person, in writing, and if the request raises disputed issues of fact that were raised during
the comment period, and not withdrawn by the commenter, and that are relevant and
material to the commission's decision on the application. The request for a CCH must be
timely filed with the chief clerk, sought pursuant to a right to hearing authorized by law,
and comply with the requirements of Title 30 Texas Administrative Code § 55.201.

COMMENT 7:
The handwritten sign providing notice of the application was illegible, and the sign was
later removed, Consequently, many local residents were unaware of the application.
(John Donahue). At present, no sign is posted at the site of the proposed CBP. (Jackie
Lovell). No sign was visible from the public road bordering the site. The TCEQ should
require the Applicant to re-notice because the previous notice was inadequate. (Robin
Nava). The TCEQ should conduct another review of the application because the notice
provided was inadequate. Was proper notice given? (Edwina Bagley).

RESPONSE 7:
The Notice of Receipt and Intent to Obtain an Air Quality Permit was published in the
Times Guardian; a newspaper of general circulation in the city of Canyon Lake which is
the municipality of the proposed plant site. A sign that was visible from FM 2673 was
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posted during the 15 day comment period following its first and •seoond publication.
Because the TCEQ received a request for a contested public hearing, the .Applieant
publishedtheVonce of Application. mid PreliminaryDecision in the same newspaper.
No sign posting is required during the 30 dayoomment period which follows .that
publication. Canyon provided verification of publication in the form of affidavits and
completed and signed the public. notice verification form stating that signs were posted.
TheTCEQ believes that publication and signpostingwere conducted in accordance with
TCEQ rules as required by 30 Texas Administrative Code § 39.603 .

.COMMENTS:
TheCornmissioners onlycontrol drive-ways and septic systems. (Edwina Bagley).

RESPONSES:
The TCEQ's jurisdiction is established by the Legislature and is limited to the issues set
forth in statute. The TCAA authorizes the commission to regulate the emission of air
contaminants.: The TCEQ regulates bypermit-the following in regard to the operation of
a concrete batch plant: cement/flyash storage silos and weigh hoppers, fabric filters and
collection systems, conveying systems for transferring cement/flyashygeneration of dust
emissions from in-plant roads, and stockpiles.

COMMENT 9:
The CBP should be located in a non-residential area. Concerned that the CBP would be
located in a residential area that is predominantly populated by older citizens. (Ann and
Robert Bartlett, Edward Burdick, Dale Leacock). It is unacceptable to .construct a CBP
60 feet from my house and 90 feet from my bedroom, The CBP should be located at a
site with safer roads nearby. (Helen Thayer). The CBP,would be located directly beside
residences. (Jackie Lovell). Concerned about the proximity of the proposed CBP to
residences. (Barry Hargrove). There are alreadytwoCBPswithin 15 miles of Canyon
Lake. (Manfred Nieder). TheCBP should be located onFlvl 306instead·ofits proposed
location, which is a populated area. (Mr. and Mrs. Bolt). There are other more suitable
locations for aCBP.. (George and Jeanne Walker). Concerned about the location of the
proposed. CBP. (Les Bacarisse). Concerned about the existence .of numerous.homes in
the area. (Edwina Bagley). The CBP should be located in a remote area to prevent
negative health effects. (Paul Hunsucker).

RESPONSE 9:
Ifauthorized, the CBP will be required to utilize', Best Available ControlTechnology
("BACT") for facilities of this type in order to keep emissions within state and federal
limits. BACT for permanent CBPsincludes: fabric or cartridge filter .. systems and
enclosed conveying systems for cement orflyash storage 'silos and weigh hoppers;
overfill warning devices on each bulk-storage silo; in-plant roads paved with a cohesive
hard surface that shall be cleaned; stockpiles watered or sprinkled with dust-suppressant
chemicals; and proper housekeeping practices at the plant that minimize and cleanup any
material spills.
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The health protectiveness review conducted for the standard permit analyzed emissions
from CBPs based on the standard permit's authorized 24 hours a day, 7 days a week
operation. Emissions from properly operated CBPs operating at that capacity are
expected to be within state and federal limits. Most CBPs do not operate continuously.
Canyon represented in the registration for this standard permit that the facility would be
operated 12 hours a day, 6 days a week.

If any person suspects Canyon or any other regulated entity is violating the terms of any
permit or other applicable environmental regulations, they are encouraged to file a
complaint with the TCEQ's 24-hour toll-free Environmental Complaints Hotline at (888)
777-3186. They may also contact the San Antonio Regional Office at (210) 490-3096.
The TCEQ investigates all complaints received. Facilities found to be out of compliance
will be subject to the TCEQ's enforcement procedures.

The TCEQ does not have zoning authority and therefore CalU10t prohibit an applicant
from locating a facility in a certain area unless state regulations require specific distance
setbacks from other .structures. Canyon's registration meets all applicable setback
requirements. Zoning authority is usually held by local authorities such as cities,
municipalities, and their extra-territorial jurisdictions. Any questions about zoning issues
should be directed to those authorities.

COMMENT 10:
TCEQ should inspect the area downwind from the proposed location of the CBP'due to
the strength of prevailing winds in that area. (Les Bacarisse).

RESPONSE 10:
Worst-case meteorological conditions were taken into account during the development of
the standard permit. The comprehensive air dispersion modeling completed previously
for the Air Quality Standard Permit for Concrete Batch Plants protectiveness review was
used to demonstrate state and federal standards -are not exceeded. The data used was
from the Austin Surface Station and Victoria Upper-air Station over a period of five
years. The data was used by Industrial Source Complex Model version 3 (ISCST3) to
determine the highest predicted concentrations and exceedence frequencies over 43,824
hours during those five years. Therefore, the ED does not believe the requested
inspection is necessary.

COMMENT 11:
Has the Applicant definitely decided on a specific location? (Edwina Bagley).

RESPONSE 11:
The TCEQ received an application to register Canyon's concrete batch plant at 5001 FM
2673, Canyon Lake, Comal County, Texas. The Commission is not aware of any
changes.

COMMENT 12:
The Applicant does not have any history on file. (Edwina Bagley).
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RESPONSE 12:
'Thecompany isa new company and has no history with the TCEQ at this time.

COMMENT'13:
Exhaust from trucks associated with the CBP would travel to areas of higher elevation:
where many local residents live. (John Donahue). Concerned about exhaust from diesel
trucks, (David Bray, Manfred Nieder). Concerned, about emissions caused by trucks
operating attheCBP. (Helen Thayer). Operation of the CBP at the proposed location
would be 'dangerousfor traffic, including school busses, on adjoining roads because of a
blind spot nearby. (Helen Thayer, George and JeanneWalker);

RESPONSE 13:
The TCEQ does not have jurisdiction over public roads like FM 2673. The TCEQalso
haSI10 air quality permitting authority over emissions fr0111 roads because under 30 TAC
§ 116.10' (6) roads are expressly.excluded .from theTCAA'8 definition of a ,"facility." In

, 'addition, the TCAA does not regulate combustion emissions from trucks operating on the
site because trucks are 110t stationary facilities. Jurisdiction over traffic safety and public
roadwayissues ill general' is held by the Texas Departmcnts.iof Public Safety. and
Transportation, as well as local law enforcenlentattthorities, Questions orconcerns about
traffic or public roadissues should be directed to those authorities.

COMMENT "14:
Wells located at elevations lower than theCBP' could be negatively, affected. (John
Donahue). Operation of the CBPwould prevent their' well from functioning. .(George
and Jeanne Walker). Operation of the CBP could contaminate the groundwater. (Helen
Thayer).

RESPONSE 14:
The Texas Clean Air Actgovernsair quality; it does not require the review ofwater wells
or,the impact an added facilitynlay ihaveon. neighboring wells. Concerns about well
water maybe addressed to the. Texas Water iDevelopmentBoard.in Austin, by calling
512~463-7847 or writing to P.O. Box13231, Austin, Texas 7871L

This permit does not authorize the discharge of pollution onto the ground or' into a body
of water. Canyon must comply with all TCEQ rules and regulations including any
applicable requirements regarding water discharges or storm water. Questions concerning
ground, surface or waste wutcr-rnay-beaddreesedto the,Water Permits and Resource
Management Division in Austin at 512-239-4300, or to the TCEQ San Antonio Regional
Office 210-490-3096.

COMMENT 15:
Noise fr0111 the CBP would reach the homes of residents. (JOIU1 Donahue). Noise fr0111
the CBP would interfere with residents' use and enjoyment of their property, (Robin
Nava, Jackie Lovell, George and Jeanne Walker).
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RESPONSE 15:
The TCEQ's jurisdiction is established by the Legislature and is limited to the issues set
forth in statute. Accordingly, the TCEQ does not have jurisdiction to consider noise from
a facility when determining whether to approve or deny a permit application.

COMMENT 16:
Comal County would lose revenue due to lowered property values if the application is
approved. (George and Jeanne Walker).

RESPONSE 16:
The TCEQ's jurisdiction is established by the Legislature and is limited to the issues set
forth in statute.' Accordingly, the TCEQ does not have jurisdiction to consider zoning or
effects on property values when determining whether to approve or deny a permit
application. Except under limited circumstances; which do not exist under this particular
permit application, the issuance of a permit cannot be denied on the basis of the facility
location.

COMMENT 17:
TCEQ should do everything it can to help protect the environment of the neighborhood.
(Edwina Bagley).

RESPONSE 17: The Executive Director has reviewed the permit application in
accordance with the applicable law, policy and procedures, and the Agency's mission to
protect the State's human and natural resources consistent with sustainable economic
development. If the facilities are operated as specified in the permit terms and
conditions, the emissions from the equipment covered by this permit should not adversely
impact people or air quality. Individuals are encouraged to report any enviromnental
concerns at the site by contacting the TCEQ San Antonio Regional Office at (210) 490
3096, or by calling the twenty-four hour toll-free Environmental Complaints Hotline at 1
888-777-3186. The TCEQ investigates all complaints received. If the facility is found to
be out of compliance with the terms and conditions of the permit, it will be subject to
possible enforcement action.

Changes Madein Response to Public Comment

No changes to the permit have been made in response to public comment.

Respectfully Submitted,

TEXAS COMMISSION ON
ENVIRONMENTAL QUALITY

Glenn Shankle
Executive Director
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StephanieBergeron Perdue, Deputy Director
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« Prev Rule

IITLE_"O
PART_I
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RULE §116.IO

Texas Administrative Code Nex!..Rule»

ENVIRONMENTAL QUALITY
TEXAS COMMISSION ON ENVIRONMENTAL QUALITY

CONTROL OF AIR POLLUTION BYPERMITS FOR NEW
CONSTRUcrION OR MODIFICATION
DEFINITIONS
General Definitions

Unless specifically defined in the TCAA or in the rules of the commission, the terms used by the
commission have the meanings commonly ascribed to them in the field ofair pollut ion control. In
addition to the terms which are defined by the TCAA, and in §101.1 of this title (relating to
Definitions), the following words and terms, when used in this chapter, shall have the following
meanings, unless the context clearly indicates otherwi se.

(1) Actual emissions--The highest rate of emissions of an air contaminant actually achieved from a
qualified facility with in the 120-month period prior to the change. This rate cannot exeeed any
applicable federal or state emissions limitation . Thi s definition applies only when detcnnining whether
there has been a net increase in allowable emissions under §116.1 16(e) of this title (relating to Changes
to Facilities).

(2) Allowable emissions-The authorized rate of emissions of an air contaminant from a facility as
determined in accordance with this section. This rate cannot exceed any applicable state or federal
emissions limitation. This definition applies only when determining whether there has been a net
increase in allowable emissions under §116.116(e) of this title.

(A) Permitted facility--For a facility with a permit under this chapter, the allowable emissions shall
be any emission limit established in the permit on a maximum allowab le emissions rate table and any
emission limit contained in representations in the permi t application which was relied upon in issuing
the permit, plus any allowable emissions authorized under Chapter 106 of this title (relating to Permits
by Rule).

(B) Facility permitted by rule--For a facility operating under Chapter 106 of this title, the allowable
emissions shall be the least of the emissions rate allowed in Chapter 106, Subchapter A of this title
(relating to General Requirements), the emissions rate specified in the applicable permit by rule, or the
federally enforceable emission rate established on a PI-8 form.

(C) Qualified grandfathered facility--For a qua lified grandfathered facility, the allowable emissions
shall be the maximum annual emissions rate after the implementation of any air pollution control
methods to beco me a qualified facility, plus 10% of the maximum annual emissions rate prior to the
implementation of such control methods, but in no case shall the allowable emissions be greater than
the maximum annual emissions rate prior to the implementation of such control methods. The
maximum annual emissions rate is the emissions rate at the maximum annual capacity according to the
physical or operat ional design of the facility, data from actual operations over a period of no more than
12 months that demonstrates the maxim um annual capacity, or other information that demonstrates the
maximum annual capacity. Except where a grandfathered facility has been modified, the allowable
emissions for the modification shall be determined as a permitted facility.

http://info. sos.state.tx.us/pls/pub/readtacSext .TacPage?sl=R&app=9&p_dir=&pJloc=&p_... 1/28/2008
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(D) Standard permit facility-For a facility authorized by standard permit, other than §I 16.6 17(2}of
this title (relating to Standard Permits for Pollution Control Projects), the allowable emission s shall be
the maximum emissions rate represented in the registration to use the standard permit.

(E) Special exemption facility-For a facility operating under a special exemption, the allowable
emissions shall be the emissions rate represented in the original special exemption request.

(F) The allowable emissions for a qualified facility shall not be adjusted by the voluntary installation
of control s.

(3) Best available control technology (BACT)--BACT with consideration given to the technical
practicability and the economic reasonableness of reducing or eliminating emissions from the facility.

(4) Dockside vessel--Any water-based transportation, platform s, or similar structures which are
connected or moored to the land.

(5) Dockside vessel emissions--Those emissions originating from a dockside vessel that are the result
of functions performed by onshore facilities or using onshore equipmen t. These emissions include, but
arc not limited to:

(A) loading and unloading ofliquid bulk materials;

(B) loading and unloading of liquified gaseous materials;

(C) loading and unloading of solid bulk materials;

(D) cleaning and degassing ofliquid vessel compartments; and

(E) abrasive blasting and painting.

(6) Facility-A discrete or identifiable structure, device, item, equipment, or enclosure that constitutes
or contains a stationary source, including appurtenances other than emission control equipment. A
mine, quarry, well test, or road is not a facility.

(7) Federally enforceable--All 1imitations and conditions which are enforceable by the EPA,
including:

(A) those requirements developed under Title 40 of the Code of Federal Regulations (CFR) Parts 60
and 61 (40 CFR 60 and 61);

(B) Chapter 11 3, Subchapter C of this title (relating to National Emission Standards for Hazardous
Air Pollutants for Source Categories (FCAA, §112,40 CFR 63));

(C) requirements within any applicable state implementa tion plan (SIP);

(D) any permit requirements established under 40 CFR §52.21;

(E) any permit requirements established under regulations approved under 40 CFR Part 51, Subpart
I, including permits issued under the EPA-approved program that is incorporated into the SIP and that

http://info.sos.statc.tx.uslplslpub/readtacSext.TacPage?sl=R&app=9&p_dir=&p r1 oc=&o I I? 'iV ?fl(W
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expressly requires adherence to any permit issued under such program; or
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(F) any permit requirements established under Subchapter C of this chapter (relating to Hazardous
Air Pollutants: Regulations Governing Constructed or Reconstructed Major Sources (FCAA. §112(g),
40 CFR Part 63».

(8) Grandfathcred facility-Any facility that is not a new facility and has not been modified since
August 30, 1971.

(9) Lead smelting plant--Any facility which produces purified lead by melting and separating lead
from metal and nonmetallic contaminants and/or by reducing oxides into clcmental lead. Raw materials
consist oflead concentrates, lead-bearing ores or lead scrap, drosses, or other lead-bearing residues.
Additional processing may include refining and alloying. A facility which only remelts lead bars or
ingots for casting into lead products is not a lead smelting plant.

(l0) Maximum allowable emissions rate table (MA ERT}--A table included with a preconstruction
permit issued under this chapter that contains the allowable emission rates established by the permit for
a facility.

(11) Modification of existing facility--Any physical change in. or change in the method ofoperat ion
of, a facility in a manner that increases the amo unt of any air contaminant emitted by the facility into
the atmosphere or that results in the emission of any air contaminant not previously emitted. The term
does not include:

(A) insignificant increases in the amount of any air contaminant emitted that is authorized by one or
more commission exemptions;

(B) insignificant increases at a permitted facility;

(C) maintenance or replacement of equipment components that do not increase or tend to increase
the amount or change the characteristics of the air contaminants emitted into the atmosphere;

(D) an increase in the annual hours of operatio n un less the existing facility has received a
preconstruction permit or has been exempted, under the TCAA, §382.057, from preconstruction pennit
requirements;

(E) a physical change in. or change in the method of operation of, a facility that does not result in a
net increase in allowable emission of any air contaminant and that does not result in the emission of any
air contaminant not previously emitted, provided that the facility:

(i) has received a prcconstruction permit or permit amendment or has been exempted under the
TCAA, §382.057. from preconstruction permit requirements no earlier than 120 months before the
change will occur, or

(ii) uses, regard less of whether the facility has received a preconstruction permit or permit
amendment or has been exempted under the TCAA, §382.057, an air pollution control method that is at
least as effective as the BACT that the commi ssion requi red or would have required for a facility of the
same class or type as a condition of issuing a permit or permit amendment 120 months before the
change will occur;

http://info.sos . state . tx.uslplslpub/readtacSext .TacPage?sl~R&app='9&p_dic=&p_rloc=&p_. . . 1 /2 8/2008
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(F) a physical change in, or change in the method of operat ion of, a facility where the change is
within the scope of a flexible permit or a multiple plant permit; or

(G) a change in the method of operation of a natural gas processing. treating, or compression facility
connected to or part of a natural gas gathering or transmission pipeline which does not result in an
annual emission rate of any air contaminant in excess of the volume emitted at the maximum designed
capacity, provided that the facility is one for which:

(i) construct ion or operation started on or before September I , 1971, and at which either no
modification has occurred after Sep tember I, 1971 , or at which modifications have occ urred only under
Chapter 106 of this title ; or

(ii) construction started after September I . 1971, and before March 1, 1972, and which registered in
accordance with TCAA, §382.060, as that section existed prior to September I. 1991.

(12) New facility--A facility for which construction is commenced after August 30, 1971, and no
contract for construction was executed on or before August 30, 1971. and that contract speci fied a
beginning construction date on or before February 29. 1972.

(13) New source--Any stationary source, the construction or modification of which is commenced
after March 5, 1972.

(14) Nonatta inment area--A defined region within the state which is designated by the EPA as failing
to meet the national ambient air quality standard for a pollutant for which a standard exists. The EPA
will designate the area as nonatta inment under the provisions of FCAA, §107(d).

(15) Public notice--The public notice of application for a permit as required in this chapter.

(16) Qualified faci lity--An existing facility that satisfies the criteria of either paragraph (9)(E)(i) or (ii)
of this section.

(17) Source--A point of origin of air contaminants, whether privately or publicly owned or operated.

Sou rce Not e: The provisions of this §116.10 adopted to be effective July 8, 1998, 23 TexReg 6973;
amended to be effective September 4, 2000, 25 TexReg 8668; amended to be effective June 12, 2002,
27 TexReg 4954; amended to be effective September 12, 2002, 27 TexReg 8546
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